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P R E F A C E. 


HE  advantages  derived  from  the  fcience  of 

O 


Natural  Philoibphy  are  fo  great,  and  fo 
univerfally  acknowledged,  that  an  enumeration  of 
them  would  be  unneceffary,  if  it  did  not  ferve  to  en- 
liven and  direct  that  fpirit  of  enquiry  which  is  natu- 
ral to  youthful  minds,  and  to  awaken  thofe,  who 
from  a want  of  reflection,  are  not  inclined  to  look 
into  the  caufes  of  things.  We  are  apt  to  regard 
objedts  to  which  we  have  long  been  familiarized, 
with  languor  and  indifference  •,  and  we  now  behold 
effedts,  without  even  the  emotion  of  curiofity, 
which,  in  lefs  enlightened  ages,  would  have  been 
thought  miraculous. 

Man,  in  a rude  and  favage  ftate,  with  a preca- 
rious fubflftence,  expofed  to  the  inclemencies  of 
the  feafons,  and  the  fury  of  wild  beafts,  is  an  ob- 
ject of  pity,  when  compared  to  man  enlightened 
and  affiled  by  philofophy.  Ignorant  of  architec- 
ture, of  agriculture,  of  commerce,  and  of  all  the 
numerous  arts  which  depend  upon  the  mechanic 
powers,  he  exifts  in  the  defart,  comfortlefs  and 
unfocial,  little  fuperior  in  enjoyment  to  the  lion  or 
the  tyger,  but  much  their  inferior  in  ftrength  and 
fafety.  If  it  be  true,  that  man  ever  exifted  in  this 
ftate,  it  could  not  have  lafted  long:  the  exertion 
of  his  mental  ftrength  muft  have  given  rife  to  the 
arts.  Aided  by  thefe,  the  wildernefs  becomes  a 
garden,  embelliihed  with  temples,  palaces,  and 
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populous  cities ; and  he  beholds  himfelf  removed 
to  an  immenfe  diftance  from  the  animals,  to  which 
in  his  original  ignorance  he  feemed  nearly  allied. 

The  fciences  beftovv  that  leifure  and  inde- 
pendance  which  have  enabled  fuperior  minds  to 
form  laws,  and  to  eftablifh  the  rights  of  man- 
kind, by  mutual  compact  between  the  power- 
ful and  the  weak.  By  this  leifure  it  is,  that  inge- 
nious and  fpeculative  men  have  collected  maffes 
of  knowledge,  which  induce  us  to  regard  the 
powers  of  the  human  mind  with  aftonifhment. 
Hence  we  poffefs  the  admirable  fcience  of  Aftrono- 
my.  A fcience  founded  on  the  molt  accurate  and 
long-continued  observations,  and  fyftematized  by 
the  purell  mathematical  reafoning;  but  at  the 
fame  time  fo  remote  from  vulgar  apprehenfion, 
that  its  daily  and  important  ufes  and  predictions 
are  hardly  fufficient  to  prevent  its  being  regarded 
by  the  ignorant  as  a chimera! 

The  other  departments  of  Natural  Philofophy 
are  not  lefs  replete  with  wonders.  How  great 
would  have  been  the  furprife  of  the  antients,  could 
they  have  foreknown  the  effects  which  are  pro- 
duced by  the  reflection  and  refraction  of  light  ? 
By  a fkilful  management  of  thefe  properties,  tele- 
fcopes,  and  various  optical  inltruments  are  con- 
itructed.  Objects,  too  remote  to  be  perceived  by 
the  naked  eye,  are  enlarged  and  rendered  vifible. 
The  fatellites  of  Jupiter  and  Saturn,  the  moun- 
tains and  cavities  in  the  Moon,  and  the  changes 
which  take  place  on  the  Sun’s  difc,  are  thus  difco- 
vered,  and  afford  matter  for  admiration  and  en- 
quiry. Neither  is  this  delightful  fcience  of  Optics 
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confined  to  the  contemplation  of  diftant  objects. 
Minute  animals,  the  veffels  of  plants,  and,  in 
ffiort,  a new  world  in  miniature  is  difcloied  to  our 
view  by  the  microfcope,  and  an  inexhauftible  fund 
of  rational  entertainment  and  knowledge  is  brought 
within  the  fphere  of  our  fenfes. 

Every  one  is  acquainted  with  the  benefits  derived 
from  the  fcience  of  Hydroftatics,  to  which  we  are 
indebted  for  many  uleful  inventions.  Among  thefe  • 
are  wind  and  water-mills,  pumps,  fire-engines, 
fteam-engines,  &c.  &c. 

Chemiftry  is  productive  of  great  and  fingular  ad- 
vantages to  fociety.  Metallurgy,  in  its  utmoft  ex- 
tent, the  arts  of  making  glafs  and  pottery,  of  dying, 
and  many  others,  together  with  a very  confiderable 
part  of  the  materia  medica,  are  dependant  on  this 
branch  of  philofophy.  The  vafl  importance  of 
metallurgy  may  be  rendered  obvious  from  the 
fingle  confideration  of  the  many  ufes  to  which  iron 
is  applied.  Without  this  metal  we  Ihould  be  almoft 
totally  incapable  of  making  any  utenfii  or  inflru- 
ment.  It  is  difficult  to  recoiled  any  production  of 
art  in  the  formation  of  which  iron  is  not  made  ufe 
of  : and  the  very  exiftence  of  naval  commerce 
depends  on  its  magnetical  property. 

Philofophy  is  not  therefore  a dry  fliidy,  but  a 
purfuit  of  the  higheft  utility  and  entertainment. 
Thofe  who  cultivate  the  fciences  know  that  they 
naturally  produce  a fincere  and  difinterefled  love  of 
truth.  An  enlarged  view  of  things  deftroys  the 
effeCls  of  prejudice,  infpires  the  propereft  ideas  of 
the  great  original  caufe,  and.  promotes  a detef- 
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tation  of  every  thing  that  is  mean  or  bafe.  And 
if  there  be  a pleafure  in  attending  to  objedts 
which  fill  the  mind  by  their  immenfity,  and  delight 
the  imagination  by  the  continual  difcovery  of 
new  and  fublime  analogies,  it  is  not  to  be  won- 
dered that  philofophers  purfue  their  ftudies  with 
a degree  of  attention  and  ardor  which  is  not  found 
in  any  other  fet  of  men. 

The  order  of  arrangement  in  the  prefent  work  is 
fuch  as  was  fuggefted  by  the  fubjedts  themlelves. 
After  a curfory  enumeration  of  the  general  pro- 
perties of  matter,  Motion  is  principally  attended 
to,  being  that  affedlion  of  matter  by  which  all 
changes  are  brought  about.  Mechanics  and 
aftronomy  naturally  follow  ; and  are  fuccepded 
by  an  elucidation  of  the  properties  and  motion 
of  Light.  The  more  complex  motions  of  Fluids 
and  the  atmofpheric  phenomena  are  next  confi- 
dered.  Thus  far  it  will  be  obferved,  that  the 
work  treats  of  fuch  general  effedls  as  arife  from 
the  motions  of  bodies,  without  any  particular  re- 
fpedt  to  thofe  fpecific  properties  which  diftinguifh 
them  into  various  clafies.  The  remaining  part  of 
the  treatife  is  employed  upon  thefe  fpecific  pro- 
perties : a long  fection  upon  Chemiftry  is  given  for 
the  purpofe  of  explaining  them,  as  far  as  they  are 
at  prefent  known,  and  are  capable  of  being  under- 
ftood  by  mere  reading.  The  confideration  of  the 
properties  of  thofe  rare  and  permanently  elaftic 
fluids,  called  Air,  may  be  laid  to  be  apart  of  che- 
miftry ; but  the  novelty  and  interesting  nature  of 
the  fubjedt  demanded  a feparate  ledtion.  The  con- 
cluding 
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eluding  feCtion  relates  to  the  general  principles  of 
electricity.  Upon  the  whole  therefore  it  will  be 
feen,  that  the  molt  fcientific  and  belt  eftablilhed 
parts  of  Natural  Philofophy  are  firft  treated  of,  and 
are  followed  in  fucceffion  by  others,  which  are  lefs 
underftood. 

This  treatife  being  intended  to  give  a clear  ac- 
count of  the  prefent  ftate  of  Natural  Philofophy, 
to  fuch  as  poffefs  very  little  mathematical  know- 
ledge, care  has  been  taken  to  feleCt  fuch  faCts 
and  experiments  as  tend  to  eftablifh  elementary 
truths.  The  varieties  of  experiments  of  the  fame 
kind  are  not  therefore  numerous  ; but  it  is  hoped 
that  the  advantage  of  a greater  number  of  general 
principles  is  by  that  means  obtained.  Philofophi- 
cal  inftruments  likewife  are  not  minutely  deferibed. 
References  to  the  parts  of  drawings  are  feldom  read 
or  underftood  : for  this  reafon,  it  was  thought  bet- 
ter to  explain  their  general  conftruCtion,  and  leave 
the  minutiae  to  ocular  infpeCtion.  The  grand  ob- 
ject, throughout,  has  been  to  relieve  the  memory, 
and  affift  the  underftanding,  by  concifenels  and 
illuftrative  arrangement. 

Thofe  prolix  difquifitions,  which  render  the 
commentator  lefs  intelligible  than  the  author  com- 
mented upon,  are  thus  avoided : neither  has  the 
affectation  of  familiarity,  which  is  ufually  attended 
with  a lax  and  unphilofophical  explanation  of  one 
event  by  another  equally  obfeure,'  been  indulged. 
On  the  contrary,  the  author  has  every  where  en- 
deavored topreferve  that  folidity  of  argument,  and 
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precifiop  of  expreffion,  which  fo  eminently  diftin- 
guifti  the  works  of  the  belt  Engliffi  philofophers,. 
And,  notwithftanding  the  nature  of  the  undertak- 
ing unavoidably  required  a deviation  from  thofe 
beautiful  and  general  principles,  which  are  obtained 
by  ftridt  mathematical  reafoning,  yet,  it  is  pre-. 
fumed,  that  the  ftudent  will  find  nothing  in  this 
treatife  which  he  will  be  under  the  necefilty  of  un- 
learning, when  he  attempts  the  perufal  of  thofe 
books  to  which  this  is  offeree!  as  an  introduction. 

The  attentive  examination  of  other  books,  to 
\yhich  the  writer  of  this  performance  has  had  re- 
coil rfe,  h^s  fliewn  him,  that  even  the  works  of 
thofe  great  men,  who  deferve  and  poffefs  the 
higheft  reputation,  are  not  free  from  errors  of  im- 
portance. The  prefent  occafion  does  not  require  the 
difagreeahle  talk  of  pointing  them  out ; but  this 
very  consideration  will  not  permit  him  to  hope  that 
his  diligence  has  entirely  excluded  miftakes.  How- 
ever, he  has  little  to  fear  on  that  account ; being 
fenfible  that  thofe  who  are  the  beft  able  to  dilco- 

- : v : ' • • * -#  . * r.'  **  • 

ver  them,  are,  at  the  fame  time,  the  moft  candid. 
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The  liberty  which  has  been  taken  in  altering  the 
words  of  other  authors,  and  adapting  them  to  the 
purpofe  of  this  work,  would  have  prevented  the 
ufe  of  formal  quotations,  if  they  had  been  fuppofed 
necefiary  *,  and,  as  the  prefent  intention  is  not  at 
all  hiftorical,  the  names  of  authors  have  been 

~r  ’■  ) t . 1 ‘ 

avoided  as  much  as  was  confident  with  the  wifh  of 
the  writer  to  evade  the  fulpicion  of  plagiarifm.  If 
plagiarifm  can  be  imputed  to  the  author  of  an  epi- 
tome of  i'cience,  this  acknowledgement  muft  be 
allowed  to  obviate  the  charge. 
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In  the  printing,  every  thing  which  could  be 
imagined  of  iervice  to  the  book,  as  a manual  of 
philofophy,  has  been  done.  A varying  title  at  the 
jiead  of  each  page,  references,  from  the  engravings, 
and  copious  indexes,  are  annexed.  From  thefe 
the  reader  will  fee,  that  fcarcely  any  faft  of  import- 
ance has  been  omitted, 

The  learner,  who  may  be  induced  to  fix  his 
chemical  reading  in  his  memory,  by  recurring  to 
experiment,  which  may  be  done  with  very  little 
expence,  is  cautioned  to  beware  of  the  danger  with 
which  it  is  fometimes  attended.  The  folution, 
evaporation,  and  calcination  of  uninflammable 
matters  may  be  performed  in  the  common  apart- 
ments of  a dwelling-houfe  •,  but  the  diftillation  of 
corrofive  or  inflammable  fubftances  ought  not  to 
be  attempted  but  in  a place  prepared  for  the  pur- 
pofe.  The  burfting  of  a retort,  containing  any 
concentrated  fuming  acid,  mu  ft  be  very  deftruc- 
tive  to  furniture,  as  well  as  prejudicial  to  health  ; 
and  ardent  fpirits,  refins,  and  the  like,  would  en* 
danger  the  houfe  if  a fimilar  accident  were  to  hap- 
pen. It  is  impoflible  to  give  advice  againft  the 
many  calualties  to  which  chemical  experiments  are 
liable  ; one  general  maxim  is,  always  to  endeavor, 
from  analogy,  to  forefee  the  confequence,  or  pro- 
bable refult  of  the  intended  procefs,  and  when  that 
cannot  be  done,  to  obferve  the  phenomena,  and 
proceed  with  caution. 

As  almoft  every  fedlion  is  accompanied  with  a 
prefatory  introduction,  it  is  lefs  requifite  to  be  dif- 
fufc  in  this  place.  It  remains  for  the  Public  to 
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determine,  whether  the  following  flieets  are  calcu- 
lated to  promote  the  knowledge  of  Natural  Philo- 
fophy.  The  author  already  poflefTes  the  fatisfac- 
tion  of  having  intended  it. 
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The  Reader  is  defired  to  correft  the  following  errors  of  the 
prefs  before  he  begins  to  perufe  the  Book. 
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Page  30.  line  1.  prevents.  P.  47%  line  ult.  for  AB  r.  AD.  P.  60.  1.  22.  for 
CB  r.  CD.  P.  79.  1.  15.  for  28.  r.  29.  P.  112. 1.  20.  for  35,  r.  30.  P.  116. 
eccentricity  of  Mars,  14100.  P.  116.  diameter  of  Saturn,  97566.  P.  124. 
1.  12.  for  U read  u.  P.  141.  1.  21.  after  any  infert  other.  P.  171.  1.  1.  ob- 
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comma  after  acid.  P.  376.  1.  1.  for  refection  r.  refra&ion , 

The  following  references  to  the  plates  have  not  been  inferted  in  the  text. 
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INTRODUCTION. 


Of  the  Degrees  or  Kinds  of  Knowledge •,  and  of 
the  Rules  of  Philofophizing . 

> ** 

TH  E impreffions  of  external  objedts,  act- 
ing upon  the  organs  of  fenfe,  produce 
ideas  in  the  mind,  and  our  dependance  on 
thofe  adlions  being  very  great,  we  are  ne- 
ceffarily  determined  to  lay  up  a flock  of 
general  truths  relating  to  them.  This  is  one 
of  the  principal  employments  of  our  lives,  and 
the  mafs  of  truth  thus  acquired  is  called  Know- 
ledge. 

Every  idea  has  a neceffary  relation  to  every 
other  idea  ; that  is  to  fay,  if  any  affertion  be 
made  concerning  any  two  ideas,  that  affertion 
mull  be  either  true  or  falfe.  Knowledge, 
therefore,  is  a confcioufnefs  of  the  agreement 
or  difagreement  of  ideas  with  each  other,  when 
applied  to  a particular  affirmation  or  propofi- 
tion  refpedling  them.  This  confcioufnefs  is 
obtained  either  by  intuition,  demon  lira  tion,  or 
analogy. 

There  are  fome  ideas  whofe  mutual  rela- 
tion in  certain  refpedts  is  fo  obvious,  that 
Vol.  I.  B nothing 
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nothing  more  is  required  to  obtain  the  know- 
ledge of  it  than  to  apply  them  to  each  other. 
For  example  j if  a given  body  be  divided  into 
parts,  and  the  mutual  relation  between  the 
whole  body  and  one  of  its  parts,  with  refpedt 
to  magnitude,  be  demanded,  the  mind  imme- 
diately conceives,  with  the  cleareft  and  moft 
abfolute  certainty,  that  the  whole  body  is 
greater  than  its  part.  If  the  particular  body 
or  magnitude  in  contemplation  be  abfliradled  or 
left  out,  the  proportion  becomes  general  in 
this  form,  viz.  every  magnitude  is  greater 
than  any  part  of  the  fame.  This  kind  of 
knowledge  is  called  intuitive,  and  the  general 
propofitions  are  termed  Axioms. 

But  the  human  underftanding  is  limited, 
and  there  are  not  many  ideas  whole  mutual 
relation  can  be  thus  perceived.  When  it  is 
required  to  determine  the  mutual  relation  of 
two  ideas,  whofe  agreement  or  difagreement 
cannot  be  intuitively  perceived,  the  truth  may 
frequently  be  obtained  by  the  interpohtion  of 
a chain  of  axioms.  For  example  * if  two 
right  lines  crofs  each  other,  and  it  be  demanded 
whether  the  oppolite  angles  are  equal,  invefti- 
* 15.  e.  1 . 
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gation  becomes  neceftary.  Let  the  oppofite 
angles  be  called  a and  c,  and  let  the  contigu- 
ous angle  between  a and  c be  called  b.  It  is 
intuitively  perceived,  that  a is  equal  to  the 
difference  between  b and  two  right  angles  j 
and  alfo  that  that  fame  difference  is  equal  to 
c ; a and  c muff  confequently  be  equal.  Thus 
it  is,  that  the  relation  between  a and  c is 
obtained  by  means  of  two  interpofed  axioms. 
This  method  is  called  Demon  ft  ration.  The 
certainty  of  demonftrative  knowledge  is  equal 
to  that  obtained  by  intuition,  but  the  convic- 
tion felt  by  the  mind  is  not  fo  great,  efpecially 
when  the  number  of  interpofed  axioms  is  large. 

The  want  of  axioms,  and  the  labour  of 
demonftration  are  not  the  only  impediments 
to  the  acquifition  of  knowledge.  Since 
knowledge  is  converfant  with  ideas  only,  it 
can  be  laid  to  poftefs  reality  with  rcfpedl 
to  external  objects,  fo  far  only  as  thofe  ideas 
may  be  taken  or  fubftituted  for  the  things 
they  reprefent;  and  it  is  impoflible  to  deter- 
mine how  far  this  may  be  done  with  propri- 
ety, even  if  it  can  be  done  at  all.  In  referring 
from  ideas  to  things  we  are  liable  to  error, 
not  only  becaufe  the  compound  idea  of  a being 
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confifts  of  an  aflemblage  of  its  properties, 
which  may  be  incomplete  and  inadequate, 
but  likewife  becaufe  thofe  ideas  may  even  be 
quite  different  from  any  thing  exifting  in  the 
being  itfelf,  as  may  be  infhnced  in  the  ideas 
of  colour,  found,  pain,  &c.  .The  great  per- 

‘ ’ . r y j- 

fpicuity  and  certainty  of  mathematical  know- 
ledge  arifes  from  the  fimplicity  of  the  ideas 
employed,  and  their  not  depending  on  any 
external  being:  for,  as  this  fcience  treats  only 
of  ideas,  it  is  of  no  confequence  to  its  truths, 
whether  geometrical  figures  ever  had  an  exiftr 
ence  ; it  being  fufficient  that  their  exigence 
is  poflible. 

By  far  the  greater  number  of  our  ideas 
being  too  complex  and  imperfedt  to  admit  of 
intuitive  conclufions  or  axioms,  it  is  evident, 
that  in  general  we  muft  be  contented  with 
lefs  proof  than  demonflration.  Inftead  there- 
fore of  endeavoring  to  obtain  axioms,  by 
comparing  ideas,  we  obferve  events,  and  from 
the  contemplation  of  what  has  happened,  we 
form  a prefumption  of  what  will  again  come 
to  pals.  Obfervation  has  fhewn  us,  that  a 
certain  event  is  always  followed  by  another 
determinate  event  $ w e fuppofe  a relation  to 

lubfifl 
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fubftft  between  them  ; we  imagine  this  rela- 
tion to  be  neceftary  ; we  diftinguifh  the  prior 
event  by  the  name  of  Caufe,  and  the  latter  wt 
call  the  Effed.  This  kind  of  knowledge, 
which  is  not  founded  on  reafoning,  but  on  ex- 
perience alone,  may  be  termed  Analogical,  and 
is  much  lefs  perfed  than  intuition  or  demon- 
ftration.  That  a ftone  will  defcend  to  the 
earth,  is  an  analogical  proportion.  It  cannot 
be  demonftrated  : but,  from  the  conftderation 
of  a vaft  number  of  events  of  the  fame  nature, 
a degree  of  probability  arifes,  which  com- 
mands our  aftent.  It  is  clear,  that  analogical 
propofitions  are  no  more  than  ftrong  probabi- 
lities, from  the  remarkable  circumrance,  that 
their  converfe  does  not  imply  an  abfur- 
dity.  To  deny  an  intuitive  or  demonftra- 
tive  truth,  is  to  aftert  an  impoffibility ; 
but  to  deny  an  analogical  truth,  is  only  to 
aftert  an  improbability.  The  undemanding 
revolts  at  the  affirmation,  that  apart  is  greater 
than  the  whole;  but  we  fee  no  impoffibility 
in  the  afiertion,  that  a ftone,  at  fome  time  or 
place,  has  remained  in  the  air  without  a ten- 
dency to  defcend;  this  fupportion  being  highly 
improbable,  but  nothing  more.  In  fad,  de- 
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monffration  is  a colle&ion  of  truths  or  axioms ; 
analogy  is  a collection  of  probabilities.  Simple 
probabilities  are  to  analogy  what  axioms  are  to 
demonflration.  Now,  there  is  no  compari- 
fon  in  point  of  certainty  between  axioms ; 
all  being  equally  true;  but  probabilities  differ 
exceedingly  in  their  degree  of  credibility. 

Natural  Philofophy  evidently  admits  of  no 
other  proofs  than  thofe  of  analogy.  To  give 
liability  to  this  fcience,  it  is  neceffary  to  admit 
no  probabilities  as  firfb  principles  of  analogy, 
but  thofe  which  polfefs  the  lfrongeft  and  moff 
incontrovertible  refemblance  to  truth.  For 
this  purpofe,  the  following  rules  are  adopted. 

Rules  of  Pbilofopbizing. 

I. 

No  more  caufes  of  natural  things  ought  to 
be  admitted  than  are  true,  and  fufficient  to 
explain  the  phenomena. 

II. 

And  therefore  effects  of  the  fame  kind  are 
produced  by  the  fame  caufes. 

III. 

Thofe  qualities  which  do  not  vary,  and  are 
found  in  all  bodies  with  which  experiments 
can  be  made,  ought  to  be  admitted  as  quali- 
ties of  all  bodies  in  general. 
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Of  Matter  in  the  AbJlraEl. 


CHAP.  I. 

. ' / 

Of  Matter  and  its  Properties . 

ATTER  is  that  fubftance  of  which 
all  inanimate  exigences  are  formed. 
It  is  known  only  to  us  by  its  properties. 

The  common  properties  of  matter  are  ex- 
tension, IMPENETRABILITY,  FORM  Or 
FIGURE,  INERTIA,  ATTRACTION,  MO- 
TION, and  rest;  all  which,  except  the 
two  laft,  which  cannot  exift  together,  are 
found  in  all  bodies  whatfoever. 

It  would  be,  perhaps,  a fruitlefs  attempt, 
to  enquire  whether  thefe  are  the  only  quali- 
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ties  with  which  bodies  are  endued  in  com- 
mon. Matter  may  poflefs  many  others, 
which  our  fenfes  are  not  adapted  to  obferve, 
or  which  have  hitherto  efcaped  the  notice  of 
Philofophers.  But  it  is  neceflary  to  be  re- 
membered, that  we  are  totally  ignorant  of 
the  fubftratum  in  which  thefe  properties  are 
united.  The  elfence  of  matter  is  unknown 
to  us.  We  muft,  therefore,  beware  of  af- 
fuming  one  or  more  of  thefe  properties  as 
compofing  that  elfence  itfelf,  for  errors  of  the 
greateft  importance  have  arifen  from  this 
fource  *. 

There  are  other  properties,  called  fpecific, 
which  are  not  found  in  all  bodies ; as  tranf- 
paiency,  opacity,  fluidity,  conflftence,  and 
the  like.  But  thefe  feem  to  relate  to  the  fi- 
gures or  motions  of  the  parts  of  bodies, 
and  are,  therefore,  referable  to  thofe  general 
properties.  There  are  alfo  feveral  fpecies  of 

* The  doctrine  of  qn  univerfal  plenum  originated 
from  a falfe  definition  of  matter.  Des  Cartes  placed  the 
efTence  of  matter  in  extenfion,  from  whence  it  naturally 
followed  that  fpace,  which  is  infinite,  mult  be  filled  with 

it, 
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attra&ion  and  repulfion,  which  will  be  at- 
tended to  in  their  proper  places. 

Here  follow  definitions  of  the  general  pro- 
perties abovementioned. 

Extension  is  that  affedtion  of  matter 
by  which  it  occupies  part  of  fpace. 

Impenetrability  is  that  by  which 
two  bodies  cannot  exift  in  the  fame  place 
at  the  fame  time. 

Form,  or  Figure,  confifls  in  the  rela- 
tion the  furfaces  of  a body  bear  to  each  other  ; 
and,  properly  fpeaking,  is  one  of  the  modes 
of  extenfion. 

Inertia,  is  that  by  which  a body  refills 
any  force  impelling  it  to  change  of  flate ; i.  e. 
of  motion  or  reft. 

Attraction,  is  that  by  which  one  body 
continually  tends  to  approach  to,  and,  if  not 
by  external  means  prevented,  does  approach 
to,  another  body  or  bodies. 

Motion,  is  a continual  and  fucceftive 
change  of  place.  Rest  is  the  permanency  or 
femaining  of  a body  in  the  fame  place. 


CHAP. 
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CHAP.  II. 

Of  Exienfion , Impenetrability , izW  Form  or 

Figure. 

THOUGH  the  foregoing  definitions 
may  be  fufficient  to  explain  the  general 
properties  of  matter  when  confidered  in  the 
abftract,  yet  there  are  feveral  obfervations 
worthy  of  notice,  which  will  come  more 
properly  in  this  place  than,  any  where  elfe. 

Geometers  confider  extenfion  as  con- 
tained under  the  three  dimenfions  of  length, 
breadth  and  depth,  and  from  thence  deduce 
that  matter  is  divifible  ad  infinitum.  This 
being  granted,  the  following  theorems  maybe 
eafily  conceived. 

Theorem  I. 

Any  quantity  of  matter,  how  fmall  foever, 
and  any  finite  fpace,  how  great  foever,  being 
given  (as  for  example,  a cube  circumfcribed 
about  the  orb  of  Saturn)  it  is  pofiible  for  the 
fmall  quantity  of  matter  to  be  diffufed  through- 
out all  that  fpace,  and  to  fill  it,  fo  that  there 

fhall 
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fhall  be  no  pore  or  interface  in  it  whofe 

diameter  fhall  exceed  a given  line. 

✓ 

Corollary. 

Kence  there  may  be  given  a body,  whofe 
matter,  if  it  be  reduced  into  a fjpace  abfo- 
lutely  full ; that  fpace  may  be  any  given  part 
of  its  former  magnitude. 

Theorem  II. 

There  may  be  two  bodies  of  equal  bulk, 
whofe  quantities  of  matter  being  unequal  in 
any  proportion ; yet  the  fum  of  their  pores, 
or  the  void  fpaces  in  each  of  the  two  bodies, 
fhall  be  almoft  equal. 

This  laft  theorem  is  not  fo  obvious  as  the 
former,  but  an  inftance  will  render  it  eafy. 

Suppofe  one  thoufand  cubic  inches  of  gold 
to  contain  one  cubic  inch  of  matter,  or  in 
other  words,  when  reduced  into  a fpace  abfo- 
lutely  full,  to  be  equal  to  one  cubic  inch  : 
then  one  thoufand  cubic  inches  of  * water 
will  contain  one  nineteenth  part  of  an  inch  of 
matter  when  reduced.  Confequently,  the  void 
fpaces  in  the  gold  will  be  nine  hundred  and 

* Gold  is  nineteen  times  as  heavy  as  water. 


ninety 


*2  Divijibility  of  Matter. 

ninety-nine  cubic  inches,  and  thofe  in  the 
water  nine  hundred  and  ninety-nine  cubic 
inches  and  eighteen  nineteenth  parts  of  an 
inch  : that  is,  they  will  be  nearly  equal. 

Yet  the  adtual  divisibility  of  matter  can  pro- 
bably be  carried  but  to  a certain  degree.  The 
ultimate  particles  of  bodies,  it  is  mold  likely, 
are  not  to  be  altered  by  any  force  in  nature. 
But,  neverthelefs,  the  above  are  not  to  be 
regarded  as  mathematical  vifions,  for  there 
are  many  inftances  which  fhew  to  what  in- 
conceivably minute  parts  bodies  may  be  ac- 
tually divided. 

A grain  of  leaf  gold  will  cover  fifty  fquare 
inches,  and  contains  two  millions  of  vifible 
parts  3 but  the  gold  which  covers  the  filver 
wire,  ufed  in  making  gold  lace,  is  fpread  over 
a furfare  twelve  times  as  great. 

The  animalcule  obferved  in  the  milt  of  a 
cod-fifh  are  fo  fmall,  that  many  thoufands  of 
them  might  fiand  on  the  point  of  a needle. 

Suppofing  the  globules  of  the  blood  in 
thefe  animalcule  to  be  in  the  fame  proportion 
to  their  bulk  as  the  globules  of  a man’s  blood 
bear  to  his  body,  it  appears,  that  the  fmall- 
eft  vifible  grain  of  find  would  contain  more 
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of  thefe  globules  than  10*256  of  the  larged: 
mountains  in  the  world  would  contain  grains 
of  fand. 

But  this  bears  no  companion  with  the 
adonifhing  minutenefs  of  the  particles  of  light. 
A candle  may  be  eafi-ly  feen  in  the  night  at 
two  miles  didanee,  even  if  viewed  through 
H pin-hole  in  a card.  It  therefore  follows 
that,  at  every  indant,  there  is  emitted  light 
fudicient  to  fill  a fphere  of  four  miles  in 
diameter,  fo  as  to  leave  no  void  fpace  of  the 
fize  of  the  fiftieth  part  of  an  inch.  This 
immenfe  number  of  particles  fly  off,  and  are 
reinflated  by  others,  one  hundred  thoufand 
times  in  the  fpace  of  one  fecond  of  time. 
Whence  it  appears  that  they  exceed  the  quan- 
tity of  grains  of  fand  which  might  be  contained 
in  many  millions  of  earths  equal  in  magni- 
tude to  this  we  inhabit ; while  the  confump- 
tion  of  the  candle  is  no  more  than  the  four- 
teenth part  of  a grain. 

Thefe  indanees  may  ferve  to  drew  the 
amazing  finenefs  of  the  parts  of  bodies,  which 
are  neverthelefs  flrill  compounded.  Gold, 
when  reduced  to  the  thinned  leaf,  dill  retains 
thofe  properties  which  arife  from  the  modi- 
i fication 
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fication  of  its  parts.  Microfcopic  animalcule 
are  without  doubt  organized  bodies,  and  the 
globules  of  their  blood  are  pofTeffed  of  fpe- 
cific  qualities.  Even  the  rays  of  light  are 
compounded  of  an  almoft  infinite  variety  of 
particles,  which  when  feparated  from  each 
other,  exhibit  the  powers  of  exciting  ideas 
of  colours.  None  of  thefe  are  the  ultimate 
particles  of  which  all  bodies  are  formed,  for 
they  all  bear  evident  marks  of  compofition. 
How  inconceivably  fmall  then  muff  thofe  par- 
ticles be  ! 

To  thefe  ultimate  particles  alone  it  is,  that 
impenetrability  can  be  attributed.  Penetra- 
tion takes  place  in  all  compounded  bodies. 
Water  exifts  in  the  pores  of  wood.  Air  in 
the  pores  of  water.  Quickfilver  in  the  pore9 
of  gold,  &c.  &c. 

Some  philofophers  have  queffioned  whether 
impenetrability  be  really  a property  of  matter; 
and  it  mud  be  confeffed,  that,  notwithftand- 
ing  this  idea  is  fo  clofely  connected  with  our 
compound  idea  of  matter,  yet  if  we  examine 
from  whence  the  notion  is  originally  obtain- 
ed, we  (hall  find  that  our  knowledge  is  much 
lefs  certain  than  we  may  have  fufpe&ed.- 
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To  make  this  clearer,  we  muft  confider 
that  our  notion  of  impenetrability  is  derived 
from  the  fenfe  of  feeling.  We  move  the 
hand  towards  a body,  and  it  is  prevented 
by  that  body  from  going  forward;  from 
which  we  conclude,  that  the  body  podeffes  a 
part  of  fpace  to  the  exclufion  of  every  other 
body,  that  is  to  fay,  that  it  is  impenetrable. 

But,  in  order  to  jubify  this  conclubon,  it 
is  neceffary  that  we  fhould  be  certain  that  it 
is  the  body  itfelf,  adtually  occupying  fpace, 
which  rebbs  the  preffure ; and  of  this  we 
cannot  be  allured,  bnce  we  obferve  many  in- 
hances  in  which  bodies  afford  rebbance  to 
other  bodies  which  move  in  fpaces  at  fome 
dibance  from  the  rebbing  body.  Thus,  the 
loadbone  in  certain  circumbances  rebbs  the 
motion  of  iron  which  approaches  towards  it ; 
and  there  is  no  doubt  but  this  rebbance  or 
repulbon,  if  exerted  on  any  part  of  a man, 
would  afford  a fenfation  bmilar  to  that  which 
arifes  from  contact.  If  the  man  had  not 
fight,  or  fome  other  fenfe  to  perceive  that 
the  rebbing  body  was  really  dibant,  he 
would,  from  the  fenfe  of  touch,  conclude 

that 
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that  the  body  was  in  contact  with  the  part 
perceiving ; and,  if  his  force  were  inefficient 
to  overcome  that  refiftance,  he  would  con- 
clude the  body  to  be  impenetrable. 

Now,  by  feveral  experiments,  which  we 
fhall  have  occafion  to  mention  in  the  courfe 
of  this  work,  there  is  the  higheft  reafon  to 
fuppofe,  that  all  bodies  do  exert  a repulfive 
force  on  each  other,  and  that  the  common 
effedts  which  are  attributed  to  contact  and 
collision  are  produced  by  this  repulfion : 
And,  if  fo,  why  not  attribute  all  effedts  of 
the  fame  nature  to  this  caufe,  which  we 
know  exifts,  inftead  of  fuppofing  an  impe- 
netrability that  can  never  be  proved  ? 

If  the  force  of  repulfion  be  fufficiently 
great,  it  may  not  be  in  the  power  of  any 
natural  agent  to  overcome  it,  and,  confe- 
quently  all  the  effedts  of  a real  impenetra- 
bility will  take  place,  though  the  fubftra- 
tum  or  matter  itfelf  may  not  be  impene- 
trable, or  even  extended. 

It  is  not  in  our  power  to  determine,  whe- 
ther extenfion  or  impenetrability  be  effentially 
neceffary  to  exigence ; but  certain  it  is,  that 

we 
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we  have  ideas  of  exiftences  in  which  neither 
the  one  nor  the  other  are  found  : no  one 
thinks  the  images  in  the  foci  of  optical  in- 
ftruments  impenetrable,  which  are  neverthe- 
lefs  taken  for  real  beings,  efpecially  that  in 
the  air  before  a concave  mirror ; and  in  the 
idea  we  have  of  our  thinking  part,  we  are  fo 
far  from  including  extenfion,  that  it  appears 
abfurd  to  imagine  it  divifible,  though  divi- 
fibility  is  a neceffary  property  or  mode  of 
extenfion. 

From  thefe  confiderations,  it  is  evident, 
that  we  are  not  fo  certain  of  the  impene- 
trability, or  even  the  extenfion  of  matter,  as 
we  are  of  its  inertia,  attraction,  and  mobility. 

But,  though  certainty  be  not  attainable  in 
this  cafe,  yet  we  may  attempt  to  difcover  the 
greater  probability;  that  is,  whether  it  be 
more  probable,  that  the  particles  of  matter 
are  beings  pofTefTed  of  a finite  power  of  re- 
pulfion  which  prevents  their  mutual  ap- 
proach, but  does  not  render  mutual  pene- 
tration or  coincidence  in  the  fame  part  of 
fpace  impoffible,  on  the  application  of  force 
fufficient  to  overcome  that  repulfion ; or 
whether  they  be  impenetrable  atoms,  which, 

Voi.  I.  C confe- 
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confequently  muft  refill  liueh  coincidence  with 
an  infinite  force  ? 

Here  we  mull  attend  to  the  faCts.  If  the 
repulfion  continually  increafed  as  the  diftance 
of  the  bodies  decreafed,  we  might  conclude, 
that  it  was  the  only  caufe  of  the  apparent 
impenetrability  of  bodies ; but,  as  in  the 
loadftone,  there  is  a certain  fmall  diftance 
at  which  repulfion  ceafes,  and  attraction  takes 
place,  fo  in  comprefting  bodies  together,  with 
a certain  degree  of  prefiiire  the  diftance  is  at 
length  dimini fhed  fufficiently  for  the  bodies 
to  adhere.  The  phenomena  are  probably 
fimilar ; but,  at  all  events,  the  cohefion  of 
the  parts  of  bodies  thews  a mutual  attrac- 
tion ; and  it  is  not  eafy  to  explain  why  the 
parts  fhould  not  mutually  penetrate  and  co- 
incide, when  the  repulfion  on  wThich  their 
impenetrability  was  fuppofed  to  depend,  has 
ceafed  and  given  place  to  attraction.  And  on 
this  account,  the  doCtrine  of  impenetrable 
atoms  feems  the  moft  probable. 

The  quantity  of  matter  in  the  univerfe  is 
much  lets  than  is  generally  imagined.  This 
may  be  deduced  from  what  has  been  laid  al- 
ready on  this  fubjeCt ; but  more  efpecially 

from 
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from  the  properties  of  tranfparent  bodies. 
Light  paffes  through  thefe  in  all  diredtions 
without  the  lead  difficulty.  The  focus  of 
a burning  mirror,  which  augments  the  den- 
fity  of  the  fun’s  rays  upwards  of  three  thou- 
fand  times,  may  be  received  in  the  bodies  of 
glafs  or  water,  without  producing  any  efFedt ; 
fo  far  are  the  particles  of  thofe  fubftances 
from  impeding  the  paffage  of  light.  And 
the  bottom  of  the  fea  has  been  difcovered 
at  a greater  depth  than  fixty  feet.  It  is 
not  improbable  that  the  real  matter  in  a 
fmall  piece  of  glafs  may  bear  a lefs  pro- 
portion to  its  bulk  than  that  bulk  does  to  the 
whole  earth.  Whence  the  electric  matter 
paffes  with  an  unmeafurable  velocity  through 
the  pores  of  gold  and  other  bodies,  and  the 
magnetic  power  exerts  itfelf  undiminiffied 


through  all  fubftances  (iron  excepted). 

To  render  the  poffibility  of  this  more  evi- 
dent, let  a body  be  fuppofed  to  be  fo  con- 
ffrudted,  as  to  have  as  much  vacuity  as 
matter ; then  half  the  body  would  be  vacu- 
ous. Suppofe  the  particles  of  which  it  is 
compofed  to  be  conftrudted  in  the  fame 
manner  5 then  the  vacuity  becomes  three- 
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fourths  of  the  fpace  extended.  Again,  let 
thefe  lad  mentioned  particles  be  condrudted 
in  the  fame  manner ; the  vacuity  will  then 
be  feven-eighths.  And  the  feries  being  carried 
forward  to  the  tenth  order  of  particles,  the 
vacuity  will  exceed  the  matter  one  thoufand 
and  twenty-three  times. 

To  the  form  or  figure  of  bodies  are  to 
be  attributed  numberlefs  effects  we  ob- 
ferve  daily.  And  to  this  property  is  owing 
mod  of  thofe  qualities  which  are  called  fpe- 
cific.  Fluidity,  confidency,  eladicity,  and 
the  like,  are  probably  the  confequences  of 
certain  configurations  of  the  particles  of  thofe 
bodies  in  which  they  are  found,  or  at  lead:  of 
the  admiflion  of  certain  parts  differently 
formed  into  the  texture  of  the  fluid,  con- 
fident or  eladic.  See.  body.  But  more  of 
this  hereafter. 


CHAP.  III. 

Of  the  Inertia  and  Motion  or  Ref. 

IT  is  chiefly  from  the  inertia  that  we  obtain 
a knowledge  of  the  relative  quantities  of 
matter  in  bodies.  The  quantities  of  matter  in 
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bodies  abfolutely  fimilar  in  compofition,  are 
determined  by  their  extenfion;  but  in  dif- 
fimilar  bodies  the  ratio  does  not  hold.  Now, 
in  bodies  fimilar  in  compofition,  we  obferve 
that  the  inertia  follows  the  proportion  of  the 
extenfion,  that  is,  the  proportion  of  the 
mafs  of  matter  ; and  from  thence,  by  apply- 
ing the  proportion  of  the  inertia  to  dif- 
fimilar  bodies,  we  obtain  a knowledge  of 
their  maffes.  Thus,  for  example,  the  quan- 
tity of  matter  in  one  cubic  inch  of  gold  is  as 
i,  in  two  cubic  inches  as  2,  in  three  cubic 
inches  as  3,  and  fo  forth : this  we  gather 
from  the  extenfion,  and  alfo  from  the  inertia, 
both  which,  in  this  cafe,  follow  the  fame 
proportion.  But  if  a cubic  inch  of  copper 
be  added,  though  the  extenfion  be  auo-- 
mented  as  1,  yet  the  inertia  increafes  only 
as  7 ; therefore,  either  the  extenfion  or 
the  inertia  is  not  the  proper  meafure  of  the 
mafs ; and,  as  we  can  more  readily  conceive 
that  the  extenfion,  or  fpace  occupied  within 
the  external  limits  of  the  body,  may  by  po- 
rofity  in  the  body,  ceafe  to  be  the  meafure, 
than  that  the  inertia  of  the  ultimate  parts  of 
matter  fhould  vary  j we  conclude,  that  the 
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quantity  of  matter  is  as  the  quantity  of 
the  inertia ; though  it  mull  be  allowed  that 
neither  polition  is  phyfically  demonstrable. 

The  inertia  of  matter  being  that  by  which 
it  refills  any  change  of  Hate  with  regard 
to  motion  or  reft,  is  meafured  by  the  force 
which  is  required  to  produce  a given  change  -3 
that  is  to  fay,  the  force  required  to  give  a 
certain  degree  of  velocity  to  a body  at  reft  A, 
containing  ten  parts  of  matter,  is  five  times 
as  great  as  would  produce  the  fame  eftedt  on 
a body  at  reft  -33,  containing  two  parts. 

This  force  in  a moving  body  is  called  the 
quantity  of  motion,  and  is  meafured  by  the 
mafs  of  matter  multiplied  by  the  velocity  ; for 
the  whole  motion  of  a body  is  the  fum  of  the 
motions  of  all  its  parts.  Therefore  in  the 
ftift  mentioned  inftance,  the  body  A moves 
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with  five  times  the  force  that  B moves  with, 
though  tjie  velocity  is  the  fame  in  both. 
But  if  the  velocity  of  B were  to  be  aug- 
mented five  times,  the  quantities  of  motion 
would  then  be  equal ; that  of  A being  ex- 
prefted  by  io,  multiplied  by  i,  and  that  of 
B being  2,  multiplied  by  5. 

, , , l M • ‘ * 

Motion 


2 


Abfolute , relative , and  angular  Motion.  2 3 

Motion  and  reft  are  diftinguifhed  into  ab- 
solute and  relative.  Abfolute  motion  is  the 
removal  of  a body  from  one  part  of  fpace 
to  another.  Relative  motion  is  a fucceftive 
change  of  Situation  with  refpedt  to  another 
body,  though  that  body  may  not  be 
at  reft.  Thus,  a man  fitting,  in  a barge 
in  motion,  is  relatively  at  reft,  that  is, 
with  refpedt  to  the  parts  of  the  barge  : but 
abfolutely  in  motion ; being  removed,  with 
the  veffel,  from  one  part  of  fpace  to  another. 
On  the  contrary,  the  bargeman,  who  fixes 
a ftaff  in  the  ground,  and  gives  motion  to  the 
barge  by  walking  along  its  gunwale,  is  abso- 
lutely at  reft,  for  the  ftaff  againft  which  he 
leans  is  fixed  ; but  relatively  in  motion.  Since, 
with  refpedt  to  the  veffel,  he  walks  from  one 
end  to  the  other.  But  if  the  earth  be  fup- 
poled  in  motion,  the  abfolute  motions  of  the 
barge  and  its  contents  will  be  compounded 
of  the  fums  or  differences  of  their  relative 
motions  refpedtively,  when  applied  to  the 
abfolute  motion  of  the  earth. 

There  is  another  diftinction  in  motion,  by 
which  it  is  called  apparent  or  angular  motion, 
and  which  depends  on.  an  optical  fallacy. 
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Thus  to  an  eye  at  E,  (fig.  i.)  a body  which 
moves  from  C to  D,  from  F to  G,  or  through 
any  right  lined  fpace  between  the  lines  EM  and 
EN  will  apparently  defcribe  the  line  AB, 
though  the  real  motions  are  very  different. 
And  if  a body  move,  either  diredtly  towards 
or  diredtly  from  the  eye,  it  will  be  apparently 
at  reft.  It  is  true,  that,  from  other  circum- 
ftances,  we  have  acquired  the  habit  of  dif- 
tinguifhing  different  motions  which  are  made 
obliquely  to  the  eye ; but  where  thofe  cir- 
cumftances  are  wanting,  as  in  the  heavens,  it 
requires  no  fmall  degree  of  attention  to  dif- 
tinguifh  the  real  from  the  apparent  motion. 

The  three  following  laws  are  fufficient  to 
anfwer  all  the  phenomena  of  motion. 

Law  I. 

Every  body  continues  in  its  ftate  of  reft> 
or  of  uniform  motion  in  a right  line,  unlefs 
compelled  to  change  that  ftate  by  forces 
impreffed. 

Matter  at  reft,  being  endued  with  no  power 
of  moving  itfelf,  would  remain  fo  for  ever, 
unlefs  impelled  by  fome  external  caufe. 

We  have  alfo  daily  proofs,  that  a body  in 
motion  will  continue  to  move  uniformly  in 

a right 
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a right  line,  unlefs  prevented  by  fome  other 
agent.  The  refiftance  of  the  air,  and  the 
force  of  gravity  in  a fhort  time  deflroy  the 
motion  of  all  projectiles,  which  otherwife  by 
the  vis  inertiae  would  continue  for  ever. 
Law  II. 

All  * change  of  motion  is  in  proportion  to 
the  force  impreffed,  and  is  made  in  the  line 
of  direction  in  which  that  force  is  impreffed. 

If  any  force  produces  motion,  a double 
force  will  produce  a double  quantity,  and  a 
triple  force  a triple  quantity,  whether  it  be 
impreffed  all  at  once,  or  by  fucceffive  de- 
grees.  And  this  motion  (fince  it  always  co- 
incides with  the  direction  of  the  generating 
force)  if  the  body  be  already  in  motion, 
either  increafes  the  fame  by  confpfring  there- 
with, or  diminishes  it  by  a contrary  occurfe, 
pr  is  added  to  it  obliquely,  being  compound- 
ed with  it  according  to  the  direction  of  the 
two  motions. 

Law  III. 

ACtion  and  reaction  are  always  equal  and 
contrary ; or,  the  mutual  aCtions  of  two 

* Change  of  motion  muft  be  underftood  to  fignify,  as 
well  the  change  from  refi  to  motion , as  the  change  pro- 
duced in  a body  already  in  motion. 

bodies 
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bodies  are  always  equal,  and  in  contrary 
directions. 

If  a flone  be  preffed  by  the  linger,  the 
finger  is  equally  preffed  by  the  flone.  If  a 
horfe  draws  a flone,  the  flone  draws  the  horfe 
equally  backwards,  for  the  rope  is  equally 
ftretched  towards  both.  If  one  body  impels 
another,  it  will  itfelf  fuffer  an  equal  change  of 
motion  by  the  reaction  in  a contrary  direction. 
By  this  means  the  changes  of  motion,  tho’ 
not  of  velocity,  are  always  equal. 

To  illuflrate  this  a little  more.  Suppofe 
a horfe  proceeds  with  a quantity  of  motion 
expreffed  by  the  number  3,  and  that  it  would 
require  a force  equal  to  2 to  move  a certain 
flone.  The  horfe  then  drawing,  proceeds 
with  a force  equal  to  1,  the  reaction  of  the 
Hone  defiroying  as  much  force  as  the  action 
communicates  to  it. 

From  thefe  laws  the  following  corollaries 
are  eafdy  deduced,  which  may  be  applied 
to  folve  all  the  eitcdts  which  can  be  pro- 
duced by  the  mechanical  powers. 
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Corollary  I. 

A body  impelled  by  two  forces  adt'ing  ia 
the  direction  of  the  two  fides  of  a paral- 
lelog.am  will  defcribe  the  diagonal  in  the 
fame  time,  as,  under  the  impulfe  of  one  of 
the  forces,  it  would  have  defcribed  one  of 
the  fides. 

i ; . . _ ...  . 

A body  at  A (fig.  2.)  would  be  carried  with 
an  uniform  motion  in  a given  time  to  B,  by 
the  fingle  force  M imprefied  at  A ; and  by  the 
fingle  force  N,  imprefied  at  the  fame  place, 
would  be  carried  from  A to  C ; ( omplete 
the  parallelogram  ABDC,  and  by  the  com- 
bined forces,  it  will  be  carried  in  the  fame 
time  in  the  diagonal  from  A to  D.  For  fince 
the  force  N adts  according  to  the  direction  of 
the  line  AC,  which  is  parallel  to  BD  ; it  will 
by  Law  II.  in  no  refpect  alter  the  velocity  of 
approaching  to  BD,  which  was  produced  by 
the  other  force.  Therefore,  the  body  will 
in  the  fame  time  arrive  at  the  line  BD,  whe- 

v ; * — 

ther  the  force  N be  imprefied  or  not ; and  at 
the  end  of  the  time  will  be  found  fome where 
in  the  faid  line  BD.  By  the  fame  manner  of 
arguing,  it  will  at  the  end  of  the  time  be 
found  fomewhere  in  the  line  CD,  which  muft 

of 
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of  confequence  be  in  that  place  where  they 
interfed  each  other.  Its  motion  will  be  in  a 
right  line  by  Law  I. 

Corollary  II. 

Hence  alfo  appears  the  compofition  of  a 
dired  force  AD  from  any  two  oblique  forces 
AB  and  BD,  and  on  the  contrary,  the  refo- 
lution of  a dired  force  into  any  two  oblique 
forces,  AB  and  BD,  which  compofition  and 
refolution  is  abundantly  confirmed  by  me- 
chanics. 

Corollary  III. 

The  quantity  of  motion  which  is  obtained 
by  taking  the  fum  of  the  motions  made  in  the 
fame  diredion,  or  the  difference  of  thofe  made 
in  contrary  diredion s,  is  not  changed  by  the 
mutual  adion  of  the  bodies. 

For  adion  and  readion  being  equal,  by  Law 
III.  will  therefore  occafion  equalchanges  in  the 
motions,  but  in  contrary  diredions.  Confe- 
quently,  if  the  motions  are  both  made  in  the 
fame  diredion,  whatever  is  added  to  the  mo- 
tion of  the  impelled  body  muft  be  fubtraded 
from  that  of  the  impelling  body,  and  the  fum 
will  remain  the  fame.  But  if  the  bodies  meet 
diredly ; the  quantity  of  motion  deftroyed 
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being  equal  in  each,  the  difference  of  the  mo- 
tions made  in  contrary  directions  will  remain 
unchanged. 


CHAP  IV. 

Of  Attraction. 

HEN  by  reducing  compound  effeCts 


to  fimple  ones,  we  have  arrived  at  the 
moft  fimple  of  all  natural  caufes,  we  are 
obliged  to  terminate  our  fearch  by  immediate 
reference  to  the  neceffary  felf-exiftent  firfl 
caufe.  Phenomena  are  wanting  to  determine 
whether  attraction  depends  on  the  immediate 
fiat  of  the  Deity,  or  on  other  intervening 
caufes.  The  latter  is  moft  probable,  but  the 
reafons  on  which  that  probability  is  founded, 
cannot  be  difcuffed  in  this  place.  At  prefent 
we  are  only  to  confider  it  as  the  unknown 
caufe  of  effeCts,  whofe  exiflence  cannot  be 
doubted,  and  from  thofe  effeCts  to  determine 
its  mode  of  aCtion. 

Attraction,  as  far  as  it  comes  under  our  ob- 
fervation,  may  be  divided  into  three  claffes, 
viz.  gravitation,  cohefion,  and  fpecific. 

Gravitation  is  that  force  by  which  bodies 
fall  to  each  other.  The  vicinity  of  the  earth. 
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which  attracts  every  thing  to  itfelf,  prevetns 
its  effe&s  between  fmaller  bodies  from  ap- 
pearing ; but  the  attraction  of  the  mountain 
of  Schehallien  in  Scotland,  upon  the  ball  of 
a pendulum  was  found  by  a very  accurate  fet 
of  obfervations  to  be  confiderable.; 

This  power  is  found  to  aCt  on  all  bodies 
precifely  according  to  the  quantity  of  matter 
in  each,  which  is  difcovered  by  the  vibration  of 
pendulums,  thus.  Let  the  two  unequal  bodies 
A and  E (fig.  3.)  be  fufpended  by  threads  of 
exaCtly  the  fame  length,  and  be  let  fall  at  the 
fame  time  from  the  points  A and  E,  (in 
the  arches  AC  and  EG)  which  are  at  equal 
diftances  from  the  two  lowed  points  D and  HL 
Then  the  vibrations  of  each  will  be  perform- 
ed in  equal  times,  and  confequently  the  ve- 
locities will  be  equal.  Whence  the  quantity 
of  motion  in  each  (being  the  product  of  its 
mafs  of  matter  multiplied  by  its  velocity)  will 
be  in  proportion  to  the  mafs  of  matter  in 
each.  But,  by  Law  II.  the  force  producing 
motion  is  in  proportion  to  the  quantity 
of  motion  produced.  Therefore,  the  force 
of  attraction  is  in  proportion  to  the  quantities 
of  matter  in  bodies. 
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This  likewife  appears  in  falling  bodies,  all 
which  being  let  go  from  equal  heights  (how  1 
different  foever  in  weight)  arrive  at  the  ground 
in  the  fame  time,*  that  is,  with  quantities  of 
motion  in  proportion  to  their  refpedtive  quan- 
tities of  matter. 

Gravitation  adts  on  all  bodies  at  all  times, 
and  that  equally  whether  in  motion  or  at  reft, 
as  is  evident  from  the  velocities  of  falling 
bodies,  which  are  uniformly  accelerated  dur- 
ing the  whole  of  their  courfe.  That  a force 
conftantly  and  equally  adting,  will  produce 
an  uniform  acceleration  of  velocity  is  plain, 
from  the  following  confederations,,  Suppofe 
a body  A begins  to  move  (by  the  impulfe  of 
gravity  imprefted  at  that  inftant)  with  a ve- 
locity exprefled  by  the  number  1,  the  next 
inftant  another  impulfe  will  generate  a velo- 
city equal  to  the  former.  It  will  therefore 
move  with  the  velocity  2,  and  at  the  third 
inftant  with  the  velocity  3,  &c.  for  the  pre- 

* The  reftftance  of  the  air  is  not  here  confidered,  for 
the  fake  of  perfpicuity,  though  it  very  fenfibly  impedes 
all  motions  performed  in  it.  A guinea  will  arrive  at  the 
ground  in  lefs  time  than  a feather 3 but  in  the  receiver  of 
an  air-pump  (out  of  which  the  air  is  exhaufted)  thev 
both  fall  in  the  fame  time. 

ceding 
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ceding  velocities  are  not  in  any  refpedt  di- 
minished or  altered  by  the  Succeeding  im- 
pulfes.  If  then  the  impulfes  are  equal  and 
equidiffant  in  time,  the  generated  motion 
will  be  uniformly  accelerated ; and  the  ve- 
locity (which  in  this  cafe  may  be  con- 
fldered  as  the  motion,  for  the  mafs  of  matter 
does  not  alter)  will  be  in  proportion  to  the 
time;  that  is,  if  the  velocity  in  5 inflants 
be  expreffed  by  5,  that  produced  in  10  in- 
Sants  will  be  10,  &c.  This  holds  good,  let 
the  number  of  impulfes  in  a given  time  be 
ever  fo  great.  But  the  number  muff  here  be 
confidered  as  infinite,  for  gravity  ceafes  not 
to  ad  for  the  lead:  portion  of  time,  and  there- 
fore the  acceleration  continues  uniformly 
through  every  part  of  the  motion. 

The  Space  defcribed  by  an  uniformly  acce- 
lerated motion  in  a given  time,  may  be  con- 
ceived to  be  the  Sum  of  an  infinite  number 
of  Spaces  produced  by  a like  number  of  uni- 
formly increafing  velocities.  Thefe  Spaces 
will  be  as  the  velocities.  Therefore,  as  the 
Sum  of  the  velocities  in  any  given  time  is  to 
the  Sum  of  the  velocities  in  any  other  given 
time,  fo  is  the  (Sum  of  the  Spaces  or)  Space 
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defcribed  in  the  -firft  given  time  to  the  (fum 
of  the  fpaces  or)  fpace  defcribed  in  the  other 
given  time.  But  the  fums  of  the  velocities, 
for  any  terms  of  time  taken  from  the  be- 
ginning of  the  motion,  are  to  each  other  as 
the  fquares  of  the  time ; as  appears  from  the 
following. 

In  the  triangle  ABC,  let  the  equal  divi- 
fions  A i,  2,  3,  &c.  on  the  fide  AB  reprefent 
equal  parts  of  the  time  of  an  uniformly  ac- 
celerated motion.  Then  the  parallel  lines 
id,  2 e,  3 f , &c.  may  reprefent  the  velocities 
at  the  leveral  inftants,  1,  2,  3,  &c.  for  they 
are  in  proportion  to  the  times  A 1,  A 2, 
A 3,  occ.  And  in  like  manner  for  any  other 
part  of  the  time  as  A m,  the  velocity  gene- 
rated will  be  reprefented  by  its  correfpondent 
ordinate  mn.  And  the  fum  of  the  ordinates 
correfponding  with  any  part  of  the  time  will 
reprefent  the  fum  of  the  velocities.  But  the 
fum  of  the  ordinates  is  the  area  contained 
between  the  ordinates  of  the  firft  and  laft  in- 
ftants of  the  time.  And  thefe  areas,  when 
taken  from  the  beginning  A,  are  as  the  fquares 
of  the  times  A 1,  A 2,  A3,  &c.  (by  the 
property  of  ftmilar  figures).  Therefore  the 
Vol.  I.  D fums 
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films  of  the  velocities,  and  confequently  the 
fpaces  defcribed  in  any  given  terms  of  time 
taken  from  the  beginning  of  an  uniformly 
accelerated  motion,  are  to  each  other  as  the 
fquares  of  the  times.  Hence  it  likewife  ap- 
pears, that  the  fpaces  defcribed  in  equal  fuc- 
celfive  parts  of  time,  are  as  (the  areas  contain- 
ed between  A and  id,  id  and  2 e,  2 e and 
3 f,  &c.  which  areas  are  to  each  other  as)  the 
odd  numbers  1,  3,  5,  7;  9,  &c.  as  appears  by 
infpedtion  from  the  number  of  equal  and 
fimilar  final!  triangles  contained  in  each. 

The  force  of  gravity  decreafes  in  the  re- 
ciprocal proportion  of  the  fquares  of  the 
diftance  of  the  gravitating  bodies.  This  di- 
minution is  too  inconliderable  to  be  per- 
ceived at  fmall  diftances  from  the  earth, 
but  is  very  fenfible  in  the  effedl  it  has  on 
the  motions  of  the  planets. 


1 


CHAP. 


Laws  of  Attraction. 


35 


CHAP.  V. 

Of  the  Attraction  of  Cohefion,  and  of  fpecifc 


HE  attraction  of  cohefion  is  that  force 


by  which  bodies  or  their  particles  ad- 
here to  each  other. 

The  attraction  which  one  body  or  mafs  of 
matter  exerts  upon  another,  is  the  film  of 
the  attractions  of  all  its  particles.  Now,  if 
an  attractive  force  aCted  equally  at  any  affum- 
ed  difiance,  maffes  of  matter  would  mutu- 
ally attraCt  each  other  according  to  the  fame 
laws  as  the  particles  of  which  they  are  com- 
pofed  do  aCt.  But  that  not  being  the  cafe,  it 
is  of  the  utmoft  confequence  to  attend  to  the 
different  effeCts  of  the  attractions  of  the  mi- 
nute particles  themfelves,  and  of  the  aggre- 
gates compofed  of  fuch  particles. 

It  is  demonftrated,  that  if  the  forces  by 
which  the  particles  of  bodies  tend  towards 
each  other  do  decreafe  in  the  proportion  of 
the  fquares  of  their  diftances,  the  attractive 
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force  of  two  fimilar  bodies  compofed  of  fuch 
particles,  will  be  governed  by  the  fame  law  5 
relation  being  had  to  the  distances  of  their 
centers  : and  confequently,  it  will  not  be 
fenfibly  greater  when  they  are  in  contadl, 
than  when  they  are  at  a fmall  diftance  from 
each  other.  But  if  the  fir  ft  mentioned  forces 
do  decreale  in  the  proportion  of  the  cubes  of 
their  distances,  or  in  any  greater  pro- 
portion, the  latter  will  decreafe  after  a much 
higher  rate,  and  the  bodies,  when  in  contadl, 
will  attradl  each  other  very  much  more  forc- 
ibly than  when  feparated  at  the  lead  diftance 
from  each  other. 

The  firft  of  thefe  attradlions  is  gravity, 
and  the  latter  appears  to  be  the  attradlion  of 
cohefion,  for  its  force  is  vaftly  lefs  at  the  leaft 
diftance,  than  at  the  place  of  contadl. 

In  confequence  of  this  law,  feveral  deduc- 
tions are  made,  which  are  found  to  agree  with 
the  phenomena  of  this  kind  of  attradlion,  as, 

Thofe  particles  which  are  poftefted  of  large 
furfaces  of  contadl,  adhere  more  ftrongly  to- 
gether, and  form  bodies  which  are  called 
hard. 


Thofe 
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Thofe  particles  which  touch  each  other  in 
few  points,  compofe  bodies  which  are  foft  or 
fluid,  on  account  of  the  fmall  force  with 
which  their  parts  adhere  together. 

And  hence  probably  may  be  explained  the 
elafticity  of  fome  bodies ; for  it  feems  to  de^ 
pend  on  the  cohefive  force  which  reftores  the 
particles  to  their  firft  (relative)  fituation, 
when  by  any  external  impulfe,  they  have  been 
removed  to  a very  fmall  diftance  from  each 
other. 

Many  things  remain  for  the  industry  of 
future  philofophers  concerning  this  very 
powerful  agent  in  nature. 

By  this  power  the  drops  of  all  fluids  aflume 
around  form,  and  polifhed  plates  of  metal 
adhere  together  with  a prodigious  force, 
which  is  exemplified  by  paring  a fmall  part 
from  each  of  two  leaden  bullets,  and  preffing 
the  furfaces  together ; in  which  cafe,  with  a 
furface  of  contact  not  exceeding  the  twen- 
tieth part  of  a fquare  inch,  it  will  frequently 
require  the  force  of  100  lb.  to  feparate  them. 

-By  this  power  alfo  it  is,  that  liquids  rife 
into  the  fubftance  of  bread,  fponge,  and  other 
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porous  bodies ; and  are  fuftained  in  open  * 
capillary  tubes  a confiderable  height  above 
the  level.  This  height  is  in  the  reciprocal 
proportion  of  the  diameters  of  the  tubes. 

Two  plain  glafs  plates  touching  each  other 
at  the  line  AB,  and  feparated  at  CD,  by  a 
fmall  obftacle  K,  being  placed  in  the  vefifel  of 
water  EFGH.  The  water  rifes  between 
them  in  the  figure  DIA,  which  is  that  of 
an  hyperbola. 

Let  two  plain  glafs  plates  ABCD,  be  light- 
ly moiftened  with  oil  of  oranges,  and  placed 
one  upon  the  other,  fo  as  to  touch  at  the 
line  AB,  being  kept  feparate  at  CD,  by  the 
fmall  obftacle  L interpofed.  In  this  fituation 
let  them  be  placed  in  the  horizontal  box, 

• EFGH,  the  part  CD  refting  on  its  bottom, 
and  the  other  part  towards  AB,  refting  on 
the  upper  end  of  the  perpendicular  fcrew 
IK,  which  is  fixed  in  the  box  for  the  pur- 
pofe  of  railing  the  plates  to  any  defired  angle 

* Capillary  tubes  are  fo  termed  from  the  fmallnefs  of 
their  bore,  being  capiilaris,  or  like  a hair;  but  this  effect 
is  fenfible  even  in  tubes  of  one-fourth  of  an  inch  di- 
ameter, 

of 
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of  elevation.  Then  a drop  of  the  above 
mentioned  oil  being  applied  in  the  opening 
CD,  will  be  attracted  by  the  two  plates,  and 
will  proceed  with  an  accelerated  motion  to^ 
wards  AB,  if  the  plates  are  kept  in  an  hori- 
zontal pofition.  But  if  the  end  AB  be  raifed 
by  means  of  the  fcrew,  to  a confiderable  angle* 
the  drop  will  remain  fufpended  in  its  courfe 
fomewhere  between  CD  and  AB,  fuppofe  at 
N,  and  if  the  elevation  be  encreafed,  it  will 
return  towards  CD,  its  weight  overpowering 
the  attraction  of  the  plates. 

Now,  fince  the  weight  of  the  drop  con- 
tinues unaltered,  it  will  not  be  difficult  to 
find  its  tendency  to  return,  or  that  part  of 
its  weight  which  is  exerted  in  the  inclined 
defcent.  For  the  proportion  between  that 
part  and  the  whole,  is  as  the  height  of  the 
plane  to  its  length,  as  will  hereafter  be  fhewn. 
And  fince  the  two  powers,  namely,  the  at- 
traction by  which  the  drop  tends  upwards, 
and  that  part  of  its  weight  which  is  exerted 
in  the  contrary  direction,  are  equal  when  it 
remains  fufpended,  the  meafure  or  quantity 
of  the  one  will  exprefs  the  meafure  or  quan- 
tity of  the  other.  By  thefe  means  it  is  eafy 
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to  determine  the  attractive  force  ; which  ap- 
pears to  increafe  in  the  reciprocal  proportion 
of  the  fquares  of  the  diltances  of  the  middle 
of  the  drop,  from  the  end  where  the  plates 
are  in  contaCt.  That  is,  limply  in  a reci- 
• procal  proportion,  becaufe  the  drop  enlarges 
its  furface  as  the  fpace  becomes  narrower  3 
and  again,  limply  in  a reciprocal  proportion, 
becaufe  the  attraction  increales,  the  nearer  the 
plates  approach  each  other. 

This  cohelive  attraction  extends  to  an  ex- 
tremely fmall  diltance  from  bodies,  and  where 
its  power  terminates,  repulfion  takes  place, 
of  which  we  fhall  fubjoin  a few  inltances. 

All  hard  bodies  require  a confiderable  force 
to  bring  them  into  contaCt,  as  appears  by 
comprelli  ng  a convex  lens  and  plane  glafs 
together,  which  exhibit  different  appearances 
at  the  very  point  of  (fuppofed)  contaCt, 
according  to  the  different  degrees  of  com- 
preffion  3 as  all'o  from  the  paffage  of  the 
eleCtric  matter  through  metallic  chains. 
Of  which  more  hereafter. 

0 

When  it  rains  on  the  furface  of  a veffel  of 
water,  fmall  drops  may  frequently  be  feen 
running  in  all  directions,  which  do  not  mix 
1 with 


with  the  reft  of  the  water  for  feveral  fe- 
conds. 

Hence  likewife  it  is  that  bodies  fpecifically 
heavier  than  water  may  be  made  to  fwim 
on  its  furface ; for,  if  by  their  repulfion  a ' 
’ quantity  of  water  is  difplaced  equal  in  weight 
to  the  folid,  it  will  not  link. 

Dry  needles  or  thin  plates  of  metal  fwim 
on  water,  and  form  cavities  of  a curve  lined 

L , . * . .1 

form,  extending  to  a confiderable  diftance 
from  the  body. 

Let  ACB  reprefent  the  fedtion  of  a veftel 
of  water,  on  whofe  furface  AB  is  laid  two 
circular  plates  of  tinfoil,  on  each  of  which 
is  placed  a fmall  curtain  ring,  or  fome  fuch 
body,  to  encreafe  its  weight,  and  caufe  it  to 
fink  further  beneath  the  furface.  By  this 
means  they  will  form  two  cavities  about 
one-tenth  of  an  inch  deep,  and  extending 
half  an  inch  from  the  circumferences 
of  the  plates.  If  they  are  brought  within 
the  diftance  of  an  inch  from  each  other, 
they  will  rufh  together  with  an  accelerated 
motion. 

Things  remaining  as  in  the  laft  experiment, 
let  D and  E be  two  pieces  of  wet  cork  of 

the 
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the  fame  dimenfions,  The  water  then  by 
adhering  to  their  tides,  will  form  a curve 
lined  protuberance  extending  about  half  an 
inch  from  their  circumferences,  and  being 
brought  within  an  inch  of  each  other,  they 

will  ruth  together  as  before. 

To  account  for  thefe  appearances,  it  is  to 
be  remembered,  that  adtion  and  reaction  are 
equal.  The  plate  of  tinfoil  by  its  repulfion 
adts  on  the  water  and  prevents  its  filling  the 
cavity,  and  the  water  by  its  weight  readts  on 
the  plate ; but  as  this  readtion  is  the  fame  on 
all  fides,  no  motion  is  produced.  But  when 
the  two  plates  approach  each  other  near 
enough  to  unite  their  refpedtive  cavities,  the 
weight  of  the  water  between  them  being 
decreafed,  its  readtion  is  lefs  than  that  which 
prevails  on  the  oppofite  parts  of  the  circum- 
ferences : confequently  they  move  in  the 

direction  of  the  greater  preflure,  that  is 
towards  each  other. 

In  the  latter  cafe,  the  readtion  is  in  a con- 
trary diredtion,  being  oppoicd  to  an  attradlive, 
inftead  of  a repulfive  force,  and  the  circum- 
ftance  by  which  motion  is  produced  being 
like  wife  contrary,  the  efiedt  is  the  fame  in 
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both  cafes.  A depreftion  of  the  furface  be- 
tween the  two  corks  will  occafion  them  to 
recede  from  each  other ; but  in  the  prefent 
inftance,  the  quantity  of  water  being  in- 
creafed  by  elevation,  caufes  them  to  ap- 
proach by  its  reaction,  which  is  greater 
than  that  exerted  on  the  external  parts  of  the 

peripheries. 

Specific  attraction  is  ufed  to  fignify  fuch  at- 
tractions as  are  found  only  in  particular  bodies, 
or  in  bodies  in  particular  circumftances : thus 
the  loadftone  attracts  iron ; iron  attracts  iron, 
provided  it  be  firft  applied  to  the  loadftone  ; 
electrified  bodies  attraCt  bodies  which  are  in 
certain  circumftances,  and  repel  them  when 
thofe  circumftances  are  changed.  It  is  by  a 
diligent  obfervation  of  thefe  kinds  of  attrac- 
tion and  repulfion,  that  we  may  hope 
to  difcover  the  caufes  of  gravity,  and 
the  other  principal  agents  in  the  mundane 
fyftem. 

In  the  mean  time,  it  mu  ft  not  be  ima- 
gined that  the  doCtrine  of  occult  caufes  is  re- 
vived, becaufe  philofophers  folve  the  appear- 
ances of  nature  by  attraction  and  repulfion, 
while  they  ccnfefs  themfelves  ignorant  of  their 

caufe. 
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caufe.  It  is  enough  that  fuch  powers  do 
really  exift.  That  John  is  the  fon  of  Thomas 
is.  not  lefs  true,  becaufe  we  are  unacquainted 
with  the  father  of  Thomas.  And  in  like 
manner,  it  is  not  lefs  true,  that  gravity  is  the 
caufe  of  the  defcent  of  heavy  bodies,  though 
the  caufe  of  gravity  is  unknown  to  us.  We 
muft  not  rejedt  all  knowledge,  becaufe  we 
cannot  arrive  at  perfection  itfelf. 
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SECT.  II. 


Of  Bodies  in  Motion . 


HAVING  thus  given  as  concife  an  ac- 
count of  the  general  affedtions  of 
matter  as  the  nature  of  the  fubjedt  would 
admit  of,  we  fhall  proceed  to  Ihew  the 
effedts  of  motion  deduced  from  the  above 
q principles  and  powers. 

C H A P.  I. 

Of  the  Mechanical  Powers. 


TTTHEN  we  contemplate  the  fcale  of 
▼ V animated  beings,  at  the  head  of 
which  we  are  placed,  it  evidently  appears 
that  the  dominion  we  poffefs  over  the 
whole  cannot  be  attributed  to  fuperiority  of 
ftrength  or  bodily  power.  Many  animals 


exceed 
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exceed  us  in  every  refpedt  of  that  fort,  but 
the  wifdom  of  the  Almighty  has  bellowed 
on  us  a more  than  ample  compenfation. 
That  intelligence  which,  faintly  imitating  its 
great  Author,  commands  the  powers  of 
nature,  is  capable  of  infinitely  greater  things 
than  the  mere  efforts  of  brute  flrength.  It 
is  owing  to  the  prefence  of  man  that  the  moft 
fertile  country  does  not  put  on  the  chearlefs 
afpeft  of  the  defart.  Where  the  fciences  flou- 
rish, the  whole  face  of  nature  is  enlivened  ; in 
proportion  as  they  are  negledred,  nations  be- 
come favage,  and  the  appearance  of  things  is 
changed  for  the  worfe.  Experience  and 
reafon  both  join  in  proof  of  this.  Nay,  it 
fcarce  feems  to  be  an  exaggeration  to  affirm, 
that  the  moft  enlightened  of  mankind 
exceed  the  favage  part  of  their  fpecies  more 
than  thefe  latter  do  the  upper  clafles  of  ir- 
rational animals.  This  diftinguifhing  pre- 
eminence fhews  itfelf  in  nothing  more 
confpicuoufly  than  in  the  exercife  of  the 
mechanical  powers,  as  they  are  commonly 
called. 

The  mechanical  powers  are  ufually 
reckoned  to  be  fix,  viz.  the  lever,  the  axis 
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and  wheel,  the  pully  or  tackle,  the  inclined 
plane,  the  wedge,  and  the  fcrew. 

Thefe  instruments  are  confidered  as  having 
different  weights  applied  to  their  parts,  and 
the  effects  are  demonstrated  from  the  laws 
of  motion.  And  fince  every  force  may  be 
meafured  by  the  weight  it  can  fuftain,  that 
which  is  proved  of  weights  will  be  equally 
true  of  forces. 

It  may  not  be  amifs  in  this  place  to  il- 
luflrate  the  fecond  Corollary  to  the  third 
Law  of  motion,  concerning  compofition  and 
refolution,  by  calling  to  mind  that. 

If  in  any  compounded  motion  or  force,  the 
quantity  and  direction  of  one  of  the  com- 
pounding forces  be  given,  the  quantity  and  di- 
redion  of  the  other  may  eafily  be  found  : e.  g. 

In  the  compounded  motion  or  force  * AD, 
(fig.  i.)  it  is  known  that  one  of  the  com- 
pounding forces  was  impreffed  at  A in  the  di- 
redion  and  quantity  of  the  line  AB.  Join  BD, 
and  draw  AC  from  A,  parallel  and  equal  to 

* Here  and  elfewhere  the  effect  is  ufed  for  the  caufe, 
for  the  fake  of  concife  exprelfiqn.  Properly  fpeaking, 
it  fhould  be  in  the  compounded  motion , which,  in  a given 
time,  would  uniformly  deferibe  the  line  or  /pace  AB,  &c. 

BD. 
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BD.  AC  will  reprefent  the  direction  and 
quantity  of  the  other  compounding  force. 

For  it  is  proved  by  the  firft  Corollary,  that 
with  thefe  forces  the  motion  AD  will  be 
produced. 

And,  if  in  any  compounded  motion  or 
force,  the  directions  of  the  compounding 
forces  be  given,  their  quantities  may  be 
eafily  found  :*  e.  g. 

In  the  compounded  motion  or  force,  AD, 
(fig.  1.)  it  is  known,  that  one  of  the  com- 
pounding forces  was  imprefied  at  A,  in  the 
direction  AB,  and  the  other  likewife  at  A, 
in  the  direction  AC.  Parallel  to  AC,  from 
D,  draw  the  line  DB,  interfering  AB  in  the 

1 

point  B.  From  A upon  the  line  AC,  fet  off 
the  fpace  AC  equal  to  DB.  AC  and  AB 
will  reprefent  the  quantities  of  the  forces. 

For  it  is  proved  by  the  firft  Corollary,  that 
with  thefe  forces  the  motion  AD  will  be 
produced. 

Laftly,  if  in  any  compounded  motion  or 
force,  whofe  direction  is  known,  the  direction 
and  quantity  of  one  of  the  compounding 
forces  be  given,  together  with  the  direction 
of  the  other,  the  quantities  of  the  com- 
pounded 
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pounded  motion  or  force,  and  of  the  laft 
mentioned  compounding  force  may  be  eafily 
found ; e.  g. 

The  compounded  motion  or  force  which 
is  produced  in  the  direction  AD,  received, 
at  its  beginning  or  generation,  an  impreffed 
force  in  the  direction  and  quantity  AB,  at 
l the  fame  inftant  in  which  another  force  was 
impreffed  in  the  direction  AC.  From  B 
parallel  to  AC,  draw  the  line  BD  interfering 
AD  in  the  point  D.  Upon  AC,  fet  off  the 
fpace  AC  equal  to  BD.  AC  will  reprefent 
the  quantity  of  the  compounding  force  im- 
preffed  in  the  direction  AC,  and  AD  will 
reprefent  the  quantity  of  the  compounded 
motion  or  force  in  the  direction  AD. 

For  it  is  proved  by  the  firfl  Corollary,  that 

Swith  thefe  forces  the  motion  or  force  AD 
will  be  produced. 

And  that  no  other  quantity  or  direction  of 
force  will  in  thefe  circumftances  produce  the 
* motion  AD,  may  be  proved  thus. 

In  the  compounded  motion  or  force  AD, 
the  quantity  and  direction  AB  of  one  of  the 
i'  compounding  forces  being  given,  it  is  found 
I that  the  other  compounding  force  is  in  the 
Vol.  I.  E quan- 
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quantity  and  direction  AC,  (fig.  i.)  Now, 

I fay,  that  no  other  quantity  or  direction  of 
force,  in  conjunction  with  AB,  will  produce 
the  motion  or  force  AD.  For,  if  fo,  let  AE 
reprefent  the  force  which  does  not  coincide 
with  AC,  parallel  to  which  draw  BF,  then 
will  the  diftance  DF  be  equal  to  CE.  With 
the  forces  AB,  AE,  the  moving  body  will,  at 
the  end  of  its  motion  be  found  at  F by  Corol. 
i.  But  the  fuppofition  requires,  that  it  fhould 
be  found  in  D,  and  is  therefore  falfe. 

In  the  fame  manner  it  is  proved  of  any 
other  aftumed  force  and  by  this  method  of 
arguing  the  conclufions  in  the  other  irfftances 
juft  mentioned,  are  found  to  be  determinate 
and  precife. 

And  fince  AC  is  always  parallel  and  equal 
to  BD ; BD  may  in  all  cafes  reprefent  the 
quantity  and  direction  of  the  force  AC. 

Thefe  things  being  attended  to,  it  Will  not 
be  difficult  to  explain  the  effeCts  of  the  me- 
chanical powers  in  every  poftible  fituation. 


CHAP. 
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CHAP.  II. 

Of  the  Lever. 

TK  E Lever  is  a moveable  line  im- 
preffed  upon  by  three  forces,  the 
middle  one  of  which  is  contrary  in  di- 
rection to  the  other  two. 

One  of  thefe  forces  is  produced  by  the 
reaction  of  a fixed  body,  and  is  called  the 
fulcrum. 

Let  AC,  (fig.  9.)  reprefent  an  horizontal 
lever.  At  the  point  B,  equidiftant  from  A and 
C,  is  placed  the  fulcrum  D,  and  at  the  ex- 
t tremities  A and  C are  hung  the  equal  weights 
E and  F.  Then  the  lever  will  be  at  reft,  the 
| weights  E and  F being  in  equilibrio.  For 
the  forces  with  which  they  tend  to  produce 
motion  are  equal,  and  are  applied  in  di- 
rections exactly  contrary,  viz.  in  tangents 
to  the  circle  in  which  the  extremities  would 


move. 
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It  is  likewife  evident,  that  if  the  radii  AB 
and  BC  are  not  in  a right  line,  the  equal 
forces  will  neverthelefs  be  in  equilibrio,  if 
they  are  applied  in  the  directions  of  the  tan- 
gents : thus,  if  BC  be  bent  to  the  pofition 
Be,  and  the  force  F be  there  applied  in  the 
direction  cf,  the  equilibrium  will  remain  as 
before. 

If  two  contrary  forces  be  applied  to  a lever 
at  unequal  diflances  from  the  fulcrum,  they 
will  equiponderate  when  the  forces  are  to 
each  other  in  the  reciprocal  proportion  of 
their  diflances. 

Let  AC,  (fig.  iQ.)  reprefent  a lever,  whofe 
radius  AB  is  three  times  as  long  as  BC.  At 
A is  fufpended  the  weight  E of  one  pound, 
and  at  C is  fufpended  the  weight  F of  three 
pounds.  Then,  I fay,  thefe  weights  will 
equiponderate.  With  the  radius  BA  deferibe 
the  arc  Ac,  interfeCling  CF  at  c.  Join  Be  and 
the  force  F may  be  conceived  to  aCt  at  c on 
the  arm  Be.  Let  AG  reprefent  the  force  of 
E,  and  cF,  being  three  times  as  long,  will 
reprefent  the  force  of  F.  This  force  cF  may 
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be  refolved  into  two  others,  cj  in  the  di- 
rection of  Be,  and  cH  in  the  direction  of  the 
tangent,  and  their  quantities  are  determined 
by  drawing  the  lines  FH  and  FJ.  Now  cj 
has  no  effeCt  in  moving  the  arm  Be.  It  is 
the  force  cH  alone  that  tends  to  produce 
motion  towards  H.  The  triangles  BCc  and 
cHF  are  fimilar,  therefore  Be  : BC  : : cF  : 
cH.  But  Be  : BC,  as  3 to  1,  whence  the 
force  cH  is  4-  of  cF,  as  is  likewife  AG  by 
the  condition.  Confequently  He  and  AG 
are  equal,  and  will  be  in  equilibrio.  Which 
was  to  be  proved.  And  the  conclufion  will 
be  the  fame,  when  the  weights  are  to  each 
other  in  any  other  ratio,  provided  the  arms 
of  the  lever  AB  and  BC  are  reciprocally  in 
the  fame  proportion. 

By  the  refolution  of  force,  it  appears,  that 
if  two  contrary  forces  be  applied  to  a ftrait 
lever  at  diftances  from  the  fulcrum  in  the 
reciprocal  proportion  of  their  quantities,  and 
in  directions  always  parallel  to  each  other ; 


For,  let  the  forces  AE,  CF  (fig.  n.)  he 
tefolved:  AE  into  AG  and  GE  ; and  CF  into 
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CH  and  HF  j and  the  forces,  which  tend  to 
produce  motion,  will  in  all  portions  be  to 
each  other  in  the  ratio  of  the  forces  applied ; 
i.  e.  AE  : CF  : : AG  : CH,  the  triangles  AGE 
and  CHF  being  fimilar. 

Many  curious  and  ufeful  effects  may  be 
produced  by  levers,  whofe  arms  are  bent  into 
an  angle ; but  the  limits  of  this  work  does 
not  permit  us  to  enlarge  upon  them. 

It  is  evident,  that  all  which  has  been  faid 
concerning  the  lever  is  equally  true,  when 
the  contrary  forces  are  applied  on  the  fame 
fide  of  the  fulcrum. 

On  the  lever  AB  (fig.  12,)  if  the  weight 
E of  one  pound  be  applied  at  A,  and  the 
weight  F of  three  pounds  at  C,  fo  that  their 
diftances  AB  and  CB,  from  the  fulcrum  B, 
may  be  as  three  to  one,  they  will  equipon- 
derate. Which  is  proved  by  applying  the 
reafoning  at  fig.  10.  to  the  prefent  figure. 
Since,  of  the  three  forces  which  aft  on  a 
lever,  the  two  which  are  applied  at  the  ex- 
tremes are  always  in  a contrary  direction  to 
that  which  is  applied  in  the  fpace  between 
them  i this  laffc  force  will  fuftain  the  effects 
pf  the  other  two.  Or  in  other  words,  if  the 
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fulcrum  be  placed  between  the  weights,  it 
will  be  adted  upon  by,  or  will  fuftain  their 
fum;  but  if  the  weights  are  on  the  fame 

fide  of  the  fulcrum,  it  will  be  adted  upon  by 
their  difference. 

On  the  principle  of  the  lever  are  made, 
fcales  for  weighing  different  quantities  of 
various  kinds  of  fubftances ; the  ffeelyard, 
which  anfwers  the  fame  purpofe  by  a fingle 
weight,  which  is  removed  to  different  dif- 
tances  from  the  fulcrum  on  a graduated  arm, 
according  as  the  body  to  be  weighed  is  more 
or  lefs  in  quantity  ; and  the  bent  lever 
balance,  which  by  the  revolution  of  a fixed 
weight  increafing  in  power  as  it  afcends  in 
the  arc  of  a circle  indicates  the  weight  of  the 
counterpoife.  ABC  (fig.  13.)  is  a bent  lever, 
fupported  on  its  axis  or  fulcrum  B in  the 
pillar  JH.  At  A is  fufpended  the  fcale  E, 
and  at  C is  affixed  a weight : draw  the 

horizontal  line  KG,  through  the  fulcrum,  on 
which  from  A and  C,  let  fall  the  perpendicu- 
lars AK  and  CD.  Then  if  BIC  and  BD  are 
reciprocally  in  proportion  to  the  weights  at 
A and  C,  they  will  be  in  equilibrio,  but  if 
not,  the  weight  C will  move  along  the  arc 

E 4 FG, 
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FG,  till  that  ratio  is  obtained.  It  is  qafy  to 
graduate  the  plate  FG  fo  as  to  exprefs  the 
weight  in  E by  the  pofition  of  C. 

On  this  principle  alfo  depends  the  motions 
of  animals,  the  overturning  or  lifting  great 
weights  by  means  of  iron  levers  called  crowsx 
the  adion  of  nutcrackers,  pincers,  and  many 
other  inftruments  of  the  fair^e  nature. 


CHAP.  Ill, 

Of  the  Axis  and  Wheel , and  of  the  Pulley 

or  Packle. 

THE  axis  and  wheel  may  be  con- 
fidered  as  a lever,  one  of  the  forces 
being  applied  at  the  circumference  of  the 
axis,  and  the  other  at  the  circumference  of 
the  wheel,  the  central  line  of  the  axis  being 
as  it  were  the  fulcrum.  Fig.  14.  is  a 
perfpedive  view  of  the  inftrument,  and  fig. 
15.  is  a fedion  of  the  fame  at  right  angles  to 
the  axis.  Then,  if  AB,  the  femidiameter  of 
the  axis,  be  to  BC,  the  femidiameter  of  the 
wheel,  reciprocally  as  the  power  E is  to  the 
power  F,  the  firft  of  which,  is  applied  in  the 

direction 


Of  the  Pulley.  57 

direction  of  the  tangent  of  the  axis,  and  the 
other  in  the  direction  of  the  tangent  of  the 
wheel,  they  will  be  in  equilibrio.  For 
AC  may  be  conceived  to  be  a lever,  whofe 
fulcrum  is  B,  and  whofe  forces  applied  at 
A and  C are  in  the  reciprocal  proportion  of 
their  diflances. 

To  this  power  may  be  referred  the  capftan 
or  crane,  by  which  weights  are  raifed,  the 
winch  and  barrel,  for  drawing  water  out  of 
wells,  and  numberlefs  other  machines  on  the 
fame  principle. 

The  pulley  is  like  wife  explained  on  the 
principle  of  the  lever.  The  line  AC  (fig.  1 6.) 
may  be  conceived  to  be  a lever,  whofe  arms 
AB  and  BC  are  equidiftant  from  the  fulcrum 
B.  Confequently  the  two  equal  powers  E 
and  F (applied  in  the  directions  of  the  tan- 
gents to  the  circle  in  which  the  extremities 
move)  will  be  in  equilibrio.  And  the  ful- 
crum B will  fuftain  both  forces. 

Butin  fig.  17.  the  fulcrum  is  at  C,  there- 
fore a given  force  at  E will  fuftain  in  equi- 
librio  a double  force  at  F,  for  ip  that  pro- 
poition  reciprocally  are  their  distances  from 
the  fulcrum.  Whence  it  appears,  that,  con- 
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fidering  E as  a force,  and  F as  a weight  to 
be  raifed,  no  increafe  of  power  is  gained 
when  the  pulley  is  fixed  (as  in  fig.  16.)  but 
that  a double  increafe  of  power  is  gained 
when  the  pulley  moves  with  the  weight 
(%•  J7-) 

A combination  of  pullies  is  called  a 
tackle,  and  a box  containing  one  or  more 
pullies,  is  called  a block. 

ADB  (fig.  18.)  is  a tackle  compofed  of 
four  pullies  j two  of  which  are  in  the  fixed 
block  A,  and  the  other  two  in  the  block  B 
that  moves  with  the  weight  F.  Now,  be- 
caufe  the  rope  is  equally  firetched  throughout, 
each  lower  pulley  will  be  a<5ted  upon  by 
an  equal  part  of  the  weight : and,  becaufe 
in  each  pulley  that  moves  with  the  weight 
a double  increafe  of  power  is  gained the 
force  by  which  F may  be  fuftained  will  be 
equal  to  half  the  weight  divided  by  the  num- 
ber of  lower  pullies.  That  is,  as  twice  the 
number  of  lower  pullies  is  to  1,  fo  is  the 
weight  fufpended  to  the  fufpending  force. 

But  if  the  extremity  C (fig.  19.)  be  affixed 
to  the  lower  block,  it  will  fuftain  half  as 
much  as  a pulley ; confequently  the  analogy 

will 
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will  then  be,  as  twice  the  number  of  lower 
j pullies,  more  1 is  to  1,  fo  is  the  weight  fuf- 
pended  to  the  fufpending  force. 

This  reafoning  depends  on  the  equal  ten- 
lion  of  the  rope,  and  is  therefore  conclufive 
only  when  the  tackle  is  wrought  by  a lingle 
rope.  In  the  fyftem  of  pullies,  (fig.'  20.) 
the  power  increafes  in  a geometrical  feries 
whofe  common  ratio  is  2,  and  number  of  terms 
equal  to  the  number  of  pullies.  Thus,  if  a 
force  be  applied  at  A,  it  will  be  a<fled  upon 
by  half  the  weight  F ; if  at  B,  by  7 ; if  at 

by  7 ; and  if  at  D,  by  y\,  &c.  The  reafon 
of  which  is  evident  from  what  has  been  al- 
ready faid. 

It  is  evident,  that  in  the  compofition  of 
forces,  the  force  produced  is  lefs  than  the 
fum  of  the  compounding  forces;  AD  being 
always  lefs  than  the  fum  of  AC  and  AB.  On 
the  contrary,  in  the  refolution  of  force,  a 
gain  of  force  is  produced,  which  is  exem- 
plified in  the  following  inftance. 

The  rope  EACBF  l%.  21.)  is  paffed  over 
the  pullies  A and  B,  and  under  the  pulley  C.  ' 
Equal  weights  are  fufpended  at  E and  F, 
Whole  actions  on  C may  be  reprefen  ted  by 
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the  equal  lines  CJ  and  CH.  Refolve  thefe 
forces  into  CD,  which  will  exprefs  the  force 
with  which  the  two  weights  E and  F tend 
to  move  C in  the  direction  of  the  perpendi- 
cular, and  which  is  lefs  than  the  fum  of 
CJ  and  CH.  Confequently  a weight  G be- 
ing  applied  at  C,  whofe  quantity  is  lefs 
than  the  whole  quantity  of  E and  F in  the  fame 
proportion,  will  fuftain  their  effe&s,  and  re- 
main in  equilibrio.  Therefore,  if  we  con- 
iider  E and  F,  as  producing  by  compofi- 
tion  a force  equal  to  G,  a lofs  of  force 
enfues ; and  on  the  other  hand,  if  G be  con- 
fidered  as  producing  forces  by  refolution 
equal  to  E and  F,  an  increafe  of  force  is 
acquired. 

The  quantity  of  this  increafe  or  dimi- 
nution is  readily  determined  thus. 

From  J let  fall  the  perpendicular  JK  upon 
CD,  then  CK  will  be  the  half  of  CD.  And 
JC  is  half  the  fum  of  JC  and  CH.  Now, 
as  the  whole  of  that  fum  is  to  CB,  fo  is  the 
fum  of  the  weights  E and  F to  the  weight 
G (for  they  refpedlively  reprefen t the  forces 
of  thofe  weights)  and  fo  is  JC  to  CK.  But 
JC  is  the  fecant  of  the  angle  formed  between 

the 


t 


Of  the  inclined  Plane , 6 1 

the  rope  AC  and  the  perpendicular  (CD)  the 
line  CK  being  radius.  Therefore,  as  the 
fecant  of  the  angle  formed  between  one  of 
the  ropes,  and  the  perpendicular  is  to  radius, 
fo  is  the  fum  of  the  weights  E and  F to 
the  weight  G. 

The  pulley  or  tackle  is  of  fuch  general 
utility,  that  it  is  needlefs  to  point  out  any 
particular  inftance. 


CHAP  IV. 

Of  the  inclined  Plane , and  of  the  Wedge,  - 

THE  inclined  plane  has  in  its  ef- 
fects a near  analogy  to  the  lever.  Let 
AB  be  an  horizontal  plane  on  which  the 
weight  E is  placed,  and  let  ED  reprefent 
the  force  exerted  by  the  faid  weight.  AB 
may  alfo  be  conceived  to  a£t  as  the  arm  of  ' 
a lever,  whofe  fulcrum  is  A.  Let  this  lever 

I revolve  on  its  fulcrum  from  B to  C,  then 
the  weight  E will  be  found  at  e,  and  will 
a<3:  on  the  plane  AC  with  an  oblique  force 
ed,  equal  and  parallel  to  ED.  Refolve  ed 

into 
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into  eb  and  bd,  and  the  force  eb  will  be 
deftroyed  by  the  reaction  of  the  plane.  With 
the  other  force  b d,  the  weight  will  proceed 
with  an  accelerated  motion  towards  A. 
Whence  it  may  be  obferved,  that  the  in- 
clined plane  adting  againft  e in  the  nature 
of  a lever,  deftroys  that  force  which  is'  ex- 
erted in  the  direction  of  the  tangent  of  its 
line  of  motion,  and  that  the  adting  force  in 
this  inftrument  is  that  which  in  treating  of 
the  lever  was  rejected,  as  having  no  effedt. 
The  force  with  which  any  weight  on  an 
inclined  plane  tends  downwards  in  the  di- 
redtion  of  the  plane,  is  to  the  weight  itfelf, 
as  bd  to  de.  Or  as  eF  to  Ae,  which  is 
the  ratio  of  the  length  of  the  plane  to  its 
height,  becaufe  the  triangles  bed  and  FeA 
are  fimilar.  But  eF  is  to  Ae  as  the  fine  of 
the  angle  the  inclined  plane  makes  with 
the  horizon  is  to  radius.  Therefore,  as  the 
faid  fine  is  to  radius,  fo  is  the  force  tend- 
ing downwards  in  the  diredtion  of  the  plane 
to  the  weight.  And  by  reverfing  the  pro- 
portion, the  angle  of  inclination  and  weight 
being  known,  the  tendency  in  the  diredtion 
of  the  plane  may  be  found. 


This 
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This  inftrument  is  not  much  ufed  in  its 
fimple  form. 

If  it  be  required  to  {hew  what  force  in 
the  direction  ep  parallel  to  AB  (fig.  23.) 
will  fuflain  the  weight  e in  equilibrio.  Set 
off  em  equal  to  bd,  which  will  reprefent  its 
force  or  tendency  in  the  direction  of  the 
plane  and  equal,  but  on  the  contrary  fides  fet 
off  e n,  which  will  reprefent  the  force  that 
applied  in  the  oppofite  direction  will  fuf- 
tain  the  weight  in  equilibrio.  Draw  np  per- 
pendicular to  AC  and  ep  parallel  to  AB,  in- 
terfering n p in  p,  e p will  be  the  force  re- 
quired ; for  it  is  compofed  of  e n and  n p, 
and  n p being  perpendicular  to  the  direction 
of  the  motion  of  e avails  nothing.  Join  p d 
and  this  laft  found  force  is  to  the  whole 
weight  of  e,  as  pe  to  ed,  or  as  eF  to  FA, 
(which  is  the  ratio  of  the  perpendicular  height 
of  the  plane  to  its  horizontal  bafe)  for  the 1 
triangles  ped  and  eFA  are  fimilar.  And 
fince  the  mutual  effects  of  bodies  on  each 
other  depends  not  upon  their  abfolute,  but 
relative  motion,  it  is  evident  that  the  fame 
force  e p,  which  fuflains  e on  the  fixed 
inclined  plane  CAB  applied  in  the  contrary 

direction 
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direction  would  (if  the  plane  be  fuppofed 
moveable  in  the  direction  of  its  bafe  AB, 
and  the  body  e fixed  by  the  application  of 
an  obfiacle  qr)  fuftain  the  effort  with  which 
the  faid  body  tends  to  impel  the  plane  from 
e towards  p. 

The  wedge  is  compoied  of  two  inclined 
planes  joined  together  at  their  common  bafe, 
in  the  direction  of  which  the  power  is  im- 
preffed. 

Let  ABC  (fig.  24.)  reprefent  a wedge,  whofe 
vertex  A is  infcrted  between  the  two  bodies 
D and  E,  which  being  fixed  in  pofition,  refill 
in  a certain  degree  any  force  which  tends  to 
feparate  them.  This  refiflance  is  (like  the 
weight  in  the  inclined  plane)  perpendicular 
to  the  bafe  AF,  and  the  power  (or  force  em- 
ployed to  overcome  it)  is  impreffed  as  was 
juft  mentioned,  in  the  direction  of  the  faid 
bafe.  Therefore,  by  the  property  of  the  in- 
clined plane,  the  force  required  to  keep  one 
half  CFA  of  the  wedge  in  equilibrio  with  the 
preffure  of  the  body  D,  is  to  that  preffure 
as  CF  to  FA.  But  as  the  preffure  on  the 
other  half  of  the  wedge  is  equally  flrong, 
a double  force  will  be  required  to  preferve 

the 
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tlie  equilibrium,  that  is,  a force  as  CB  to  FA, 
■Or,  in  general  terms ; in  any  wedge,  as  the 
line  CB,  joining  the  two  equal  fxdes  AB  and 
AC,  is  to  the  distance  between  the  vertex  A, 
and  the  middle  point  F of  CB,  fo  is  the  force 
jmpreffed  to  the  refiftance  in  D and  E. 

This  instrument  is  commonly  i?fed  in 
cleaving  wood,  and  was  formerly  applied  jn 
engines  for  Stamping  watch  plates.  Th$ 
force  imprelfed  is  commonly  a blow,  which, 
is  found  to  be  much  more  effectual  than  a 
weight  or  preffure..  This  difference  is  ac- 
counted for,  by  fuppofing  that  the  tremulous 
motion  produced  by  the  Stroke,  considerably 
diminishes  the  very  great  fridtion  at  the 
fides. 

Knives,  faws,  and  all  cutting  instruments 
Riay  be  referred  to  the  wedge. 
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CHAP.  V. 

OJ  the  Screw , and  of  Mechanical  'Engines 

in  general . 

C | HE  Screw  is  compofed  of  two  parts, 
one  of  which  is  called  the  fcrew,  and 
confifts  of  a fpiral  protuberance,  called  the 

thread,  which  is  wound  or  wrapt  round  a 
cylinder,  fo  that  each  fucceliive  turn  may  be 
parallel  to  the  former ; the  other  part,  cal- 
led the  nut,  is  perforated  to  the  dimenfions 
of  the  cylinder,  and  in  the  internal  cavity  is 
cut  a fpiral  groove  which  is  adapted  to  receive 
the  thread. 

Let  AB  (fig.  25.)  reprefcnt  the  fcrew  per- 
pendicular to  the  horizon,  and  CD  the  nut. 
Then  the  fcrew  being  fixed,  the  nut  may  be 
ponfidered  as  a weight  to  be  railed  by  Hiding 
it  up  the  thread,  which  anfwers  in  its  effedt 
to  an  inclined  plane.  For  the  thread  having 
the  lame  inclination  throughout,  differs  in 
no  refpedt,  as  to  power,  from  an  inclined 
plane  of  the  fame  length  and  height.  Con- 
sequently a force  applied  horizontally  to  the 

nut. 
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nut,  will  fuftain  it  when  that  force  is  to  the 
whole  weight  of  the  nut,  as  the  perpendicu- 
lar diftance  between  any  two  contiguous 
threads  is  to  the  circumference  of  the  cylin- 
der. And  a force  applied  in  the  direction  of 
the  -threads  of  the  ferew  will  fuftain  the 
weight,  when  it  is  to  the  weight  as  the  per- 
pendicular diftance  between  any  two  con- 
tiguous threads  is  to  the  length  of  one  fpiral 
revolution  round  the  cylinder. 

This  engine  is  never  ufed  but  in  conjunc- 
tion with  the  lever,  as  DE,  in  which  cafe 
the  powers  laft  found  are  increafed  in  the 
proportion,  as  the  diftance  of  E from  the 
axis  of  motion  is  to  the  femidiameter  of  the 
cylinder.  , 

The  ferew  is  of  vaft  ufe  for  comprefling 

♦ » 

bodies  together,  as  paper,  &c.  and  is  the 
principal  organ  in  the  inftrument  for  ftriking 
coins. 

Thus  much  for  a fhort  account  of  the 
effects  of  forces  applied  to  mechanical  in- 
ftruments.  It  is  eafy  to  conceive,  that  when 
forces  are  in  e^uilibrio,  if  the  leaft  addition 
be  made  to  one  of  them,  it  will  preponderate 
and  overcome  the  effort  of  the  other.  But 
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the  want  of  a perfed  polifli  or  fmoothnefs  in 
the  parts  of  all  instruments,  and  the  rigidity 
of  all  ropes,  which  increafes  with  the  tenfion, 
are  great  impediments  to  motion,  and  in  com- 
pounded engines  are  found  to  diminish  about 
one  fourth  of  the  effed  of  the  power. 

The  properties  of  all  the  mechanical  powers 
depending,  as  has  been  Shewn,  on  the  laws  of 
motion  laid  down  in  the  beginning  of  this., 
treatife,  and  the  adion,  or  tendency  to  pro- 
duce motion,  of  each  of  the  two  forces?  being 
applied  in  diredions  contrary  to  each  other* 
the  following  general  rule  for  finding  the 
proportion  of  the  forces  in  equilibrio  on  any 
machine  will  require  no  proof. 

If  two  oppofite  forces  be  applied  to  the 
terms  * of  any  mechanical  engine,  in  the 
diredion  of  the  lines,  in  which,  by  the  con- 
ftrudion  pf  the  engine,  the  faid  terms  would 
move ; and  the  iqtenfitres  of  the  forces  be  to 
pach- other  reciprocally  as  the  fpapes  which 
the  terms  when  in  motion  would  defcribe  in 
the  fame  time  : then  thofe  forces  will  be  in 

{ . v till  < * ■ ^ . V » • * • . V | 

equilibrio. 

* Terms  quafi  terminus , a limit,  is  here  ufed  to  exp  refs 
diofe  parts  of  an  engine  at  which  the  forces  are  applied. 

Suppofe 
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• * 

• • 

Suppofe  the  forces  to  be  weights,  and  the 

fame  may  be  exprefled  more  coiteifely  thus.  . 

If  tvVo  weights  applied  to  the  terms  of  any 
fnechanical  engine  be  to  each  other  in  the 
reciprocal  proportion  of  the  perpendicular 
fpaces  which  would  be  described  by  each 
When  in  motion ; they  will  be  in  equilibrio. 

Whence  it  may  be  obferved,  that  in  all 
contrivances  by  which  power  is  gained,  a 
proportional  lofs  is  fuffered  in' time.  If  one 

i .1 

man  by  means  of  a tackle  can  raife  as  much 
weight  as  ten  men  could  by  their  unaffifted 
jftrength,  he  will  be  ten  times  as  long  about 

If. 

I * • 

It  is  convenience  alone,  and  not  any  adfual 
irtcreafe  of  force  which  we  obtain  from. 

• * t 

mechanics.  The  following  inftance  may 
ferve  to  illuftrate  this  matter. 

Suppofe  a man'  at  the  fop  of  a houfe  draws 
bp  ten  weights,  one  at  a time,  by  a tingle’ 
rope,  in  ten  minutes.  Let  him  have  a tackle 
of  five  lower  pullics,  and  he  will  draw  up 
the  whole  ten  at  cnce  with  the  fame  eafe  as 
he  before  railed  up  one  ; but  in  ten  times  the' 
time,  that  is,  in  ten  minutes.  Here  then  we 
fee  the  fame  work  is  done  in  the  fame  time, 
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whether  the  tackle  be  ufed.  or  not : but  the 
convenience  is,  that  in  cafe  the  whole  ten 
weights  be  joined  into  one,  they  may  be 
raifed  with  the  tackle,  though  it  would  be- 
impoffible  to  move  them  by  the  unadided 
drength  of  one  man. 

Or,  fuppofe,  indead  of  ten  weights,  a 
man  draws  ten  buckets  of  water  from  the 
hold  of  a fhip  in  ten  minutes,  and-  that  the 
fhip  being  leaky,  admits  an  equal  quantity  in 
the  fame  time.  It  is  propofed,  that  by  means 
of  a tackle,  he  fhall  raife  a bucket  ten  times 
as  large.  With  this  adidance  he  performs  it, 
but  in  as  long  a time  as  he  was  drawing  the 
ten,  and  therefore  is  as  far  from  gaining  on- 
the  water  in  the  latter  cafe  as  in  the  former. 

Since  then,  no  real  gain  of  force  is  ac- 
quired from  mechanical  contrivances,-  there 
is  the  greated  reafon  to  conclude,  that  a per- 
petual motion  is  not  to  be  made.  For 
in  all  indruments  the  fri&ion  of  their  parts 
apd  other  reddances  do  continually  deftroy  a 
part  of  the  moving  force,  and  at  lad  put  an 
end  to  the  motion. 


AttraBion  is  mutual  and  equal.  jl 
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f | ^ H A T action  and  reaction  are  equal 
-L  and  contrary  in  all  cafes  of  motion, 
produced  by  impulfe,  is  fufficiently  evident. 
It  will  likewife  appear,  that  the  fame  law 
obtains  in  thofe  motions  which  are  produced 
by  * attraction. 

Suppofe  two  bodies*  A and  B,  mutually 
attracting  each  other,  be  prevented  from 
coming  into  contaCt  by  an  obftacle  interpofed. 
If  either  of  the  bodies,  forinftance,  A,  be 
more  ftrongly  attracted  towards  B,  than  B 
towards  A,  the  obftacle  will  be  more  ftrongly 
aCted  upon  by  the  preftare  of  A than  by  that 
of  B ; and  therefore  will  not  remain  at  reft. 
The  ftronger  preffure  will  prevail*  and  will 
Oaufe  the  two  bodies  together  with  the  ob- 
ftacle  to  move  in  a right  lined  direction  to- 
wards that  fide  on  which  B is  placed,  with 
a motion  uniformly  accelerated  for  even 

* It  is  not  here  aflerted,  that  atlra&ion  is  not  pro- 
duced by  impulfe. 
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Which  is  abfurd  and  contrary  to  Law  L 
Therefore  the  bodies  do  equally  prefs  the  ob- 
ftacle,  and  confequently  are  equally  attracted- 
towards  each  other. 

By  the  fame  argument,  it  is  proved,  that 
the  gravitation  between  the  earth  and  its 
parts  is  mutual  and  equal. 

Let  AB  (fig.  26.)  reprefent  a long  flender 
body  of  an  inconfiderable  thicknefs,  which 
is  attracted  by  another  body  in  the  direction 
of  the  fmall  arrows,  abed,  &c.  Then  the 
motion  of  AB  will  be  the  fum  of  the  motions 
of  all  the  parts  fituate  between  A and  B. 
Interpofe  the  pointed  obftacle  CD,  and  AB 
may  be  confidered  as  a lever,.  C being  the 
fulcrum.  Confequently,  if  C be  fo  placed 
that  the  parts  between  A and  C may  be  in 
quantity  and  diftance  from  the  fulcrum  equi- 
pollent to  thofe  between  C and  B,  the  whole 
body  will  reft  in  equilibrio  on  the  point  C. 
This  point  is  called  the  center  of  gravity. 

The  thicknefs  of  AB  being  inconfiderable^ 
the  point  C may  be  efteemed  as  the  center  of 
gravity,  but  is  not  fo  when  the  thicknefs  is 
taken  into  the  account.  The  above  expla- 
nation is  only  to  drew  that  when  we  fpeak  of 

the 
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the  whole  attractive  force  of  a body  being 
collected  in  its  center  (e.  g.  the  center  of  the 
earth)  it  is  not  to  be  fuppofed  that  any  real 
power,  or,  as  it  were,  magic  force,  exifted  in 
that  center.  In  like  manner  the  body  AB  ceafes 
to  move,  not  immediately  becaufe  its  center  of 
gravity  is  fuftained,  as  if  the  caufe  of  motion 
exifted  in  that  center  alone,  but  becaufe  by 
the  nature  of  the  lever,  the  forces  on  the 
fide  CB  are  made  to  counteract  and  deftroy 

i V. 

thofe  on  the  fide  CA. 

The  center  of  gravity  may  be  defined  to 
be  a point  about  which  all  the  parts  of  a 
body  or  bodies  are  in  equilibrio. 

Therefore,  the  center  of  gravity  of  two 
bodies,  A and  B,  (fig.  27.)  will  be  a point 
C,  in  the  right  line  which  joins  their  centers 
of  gravity,  which  is  diftant  from  the  center 
of  each  body  in  the  reciprocal  proportion  of 
their  mafles  ; that  is,  AC  : CB  : : B : A.  And 
the  center  of  gravity  of  three  bodies,  fuppofe 
A,  B and  E,  will  be  found  at  D in  the  line  CE 
which  joins  the  center  of  gravity  of  E with 
the  point  C.  CD  being  to  DE  reciprocally 
as  the  fum  of  the  mafies  of  A and  B is  to  the 

mafs 
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mafs  of  E.  For  it  is  eafily  proved,  fuppofing 
the  lines  to  be  levers,  that  the  bodies  AandB 
will  equilibrate  about  the  point  C,  which,  as 
the  fulcrum,  will  fuftain  both  their  forces ; 
and  alfo,  that  the  body  E will  equilibrate  with 
the  force  fuftained  at  C D being  the  fulcrutm 
In  this  manner  the  center  of  gravity  of  any 
fyftem  of  bodies  may  be  found. 

The  common  center  of  gravity  of  two  or 
more  bodies,  does  not  change  its  Fate  of 
motion  or  reft  from  the  mutual  actions  of 
the  bodies  upon  each  other ; and  therefore, 
the  common  center  of  gravity  of  all  bodies 
mutually  addng  upon  each  other,  is  either 
at  reft  or  moves  uniformly  in  a right  line,- 
adtions  and  impediments  from  without  being 
excluded. 

If  the  bodies  A and  B ad;  upon  each  other,- 
the  motion  produced  in  each  will  be  equal,’ 
and  the  ratio  of  CA  to  CB  will  remain  the 
fame,  whether  they  approach  to  or  recede 
from  each  other.  Confequently  the  ftate  of 
C will  not  be  changed  by  their  mutual 
addons.  If  the  third  body  E be  added  to  the' 
fyftem,  the  center  D tor  the  fame  reafon  will 

not  be  changed,  as  to  its  ftate  of  motion  or' 

reft, 
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reft,  whether  E adts  upon  C or  not,  and  fo 
on  for  any  number  of  bodies. 

If  two  bodies  move  uniformly  in  right 
lines,  their  common  center  of  gravity  will 
either  be  at  reft,  or  will  move  uniformly  in 
a right  line  5 and  the  fame  is  likewife  true  of 
the  center  of  gravity  of  three  bodies,  for  the 
center  C of  any  two  of  them  may  be  con- 
fidered  as  one  body.  Therefore,  if  C and  E 
be  in  motion,  the  common  center  D will 
either  be  at  reft,  or  will  move  uniformly  in  a 
right  line.  By  this  means,  the  falne  may  be 
Ihewn  of  any  number  of  bodies. 

Since  then  the  ftate  of  the  center  of  gra- 
vity of  any  fyftem  of  bodies,  as  to  reft  or 
uniform  diredt  motion,  is  not  affedted  either 
by  the  motions  or  mutual  adtions  of  the 
bodies  of  which  it  is  compofed,  external 
adtions  or  impediments  being  excluded,  it 
is  plain  that  the  fame  law  holds  good  in  the 
motion  of  a fyftem  of  bodies  as  is-  obferved 
by  a lingle  body.  For  the  progreftive  mo- 
tion of  a fingle  body  or  of  a fyftem  of  bodies,- 
muft  be  eftimated  by  the  motion  of  the 
center  of  gravity. 
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Hence  it  is  that  the  center  of  gravity  of  the! 
earth  is  not  affedted  by  the  motions  on  its 
furface,  or  in  its  bowels.  When  a projedtile, 
a cannon  ball  for  inftance,  is  thrown  up- 
wards, the  projedting  force  readting  on  the  earth, 
caufes  it  to  move  in  the  contrary  diredtion  j 
but  as  the  * motions  are  equal,  the  center  of 
gravity  remains  the  fame. 

The  motions  and  adtions  of  bodies  upon 
each  other  in  a fpace  that  is  carried  uniformly 
forward,  are  the  fame  as  if  that  fpace  were 
at  reft. 

For  the  motions  and  adtions  cf  bodies  upon 
each  Other  depend  on  their  relative  motion, 
the  velocity  of  which  is  the  fum  of  their 
abfolute  velocities,  when  they  are  moved  in 
oppolite  directions,  or  their  difference  when 
they  move  in  the  fame  diredtion.  And  this 
fum  or  difference  is  not  altered  by  an  equal 
velocity  impreffed  on  all  the  bodies  in  the 
fame  or  a parallel  diredtion  (as  in  the  prefent 
cafe)  : fince,  when  two  bodies  move  in  con- 

* Not  the  velocities  or  fpaces  defcribed.  For  the  fpace 
defcribed  by  the  earth  is  lefs  than  that  defcribed  by  the 
projedtile  in  the  fame  proportion  as  the  mafs  of  the  pro'- 
jeciilc  is  lefs  than  that  of  the  earth. 
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trary  directions,  in  a fpace  carried  uniformly 
forward,  the  velocity  added  to  that  body, 
with  whofe  motion  the  * motion  of  the  fpace 
confpires,  is  exactly  equal  to  the  velocity  de- 
ltroyed  in  the  other  body,  whofe  motion  is 
oppofed  by  that  of  the  fpace ; and  when  the 
bodies  move  in  the  fame  direction,  an  equal 
velocity  being  added  to  or  deflroyed  in  both, 
the  difference  is  likewife  unaltered.  This  is 
likewife  confirmed  by  daily  experience,  mo- 
tions performed  on  board  a fhip  under  fail  are 
the  fame  as  if  the  fhip  were  at  anchor ; except 
fo  far  as  they  may  be  difturbed  by  the  irre- 
gular toffing  of  the  waves,  which  affeds  them 
fucceffively,  as  much  in  one  direction  as 
another.  A fleet  of  fhips  carried  by  an  uni- 
. form  current,  either  preferve  the  fame  re- 
lative pofitions,  or  approach  to  or  recede 
from  each  other  in  the  fame  manner  as  they 
would  if  no  fuch  current  exifted.  And  the 

* ace  t>e*ng  in  its  own  nature  immoveable,  the  ex- 
preffion  is  here  improper ; but  it  conveys  a clearer  idea  of 
the  proportion,  though  we  can  form  no  idea  of  bodies 
included  in  a fpace  being  atfed  upon  by  that  fpace 
The  fpace  here  mentioned  is  merely  ideal,  may  be  cal- 
cd  relative , and  is  defined  to  be  a maviable  dimenfim. 

motions 


7 8 The  Aflions  of  Bodies  in  a moving  Space , 

motions  of  bodies  at  the  furface  of  the  earth 
are  no  otherwife  affedted  by  its  revolution  on 
its  axis,  than  as  the  revolution  is  not  rec- 
tilinear, the  effects  of  which,  though  con- 
fiderable,  are  not  enough  fo  to  fall  under 
common  obfervation. 

This  propofition  is  likewife  true,  if  the 
motion  of  the  fpace  be  uniformly  accelerated, 
or  which  is  the  fame  thinsr,  if  all  the  bodies 
be  conftantly  adted  upon  by  parallel  forces 
which  adt  equally,  according  to  their  maffes, 
on  each  of  them. 

For  fuch  forces  will  caufe  all  the  bodies  to 
move  with  the  fame  acceleration,  and  to  de- 
i'cribe  equal  fpaces  in  the  fame  diredtion  with 
each  other.  They  will  not  therefore  change 
their  relative  motions  or  fituations. 


I 


C H A P. 


Motions  which  refpedl  a Center,  79 


CHAP.  VII. 

Of  the  Motion  of  a Body,  which  is  added  upon 
by  a centripetal  Force. 

IF  a body  at  A (fig.  2 8 .)  be  carried  with  an  uni- 
form dired  motion  towards  K,  and  rays  be 
drawn  from  the  equidiftant  points  A,  B,  C,  D, 
E,  &c.  to  any  point  L without  the  line  AK, 
the  areas  ALB,  BLC,  CLD,  DLE,  &c.  will 
be  equal  to  each  other'*. 

And  thefe  areas  which  aredefcribed  in  equal 
times,  will  not  be  altered  by  any  centripetal 
force  ading  on  the  body  A,  and  impelling 

it  towards  L. 

* * 

Suppofe  the  Body  A,  (fig.  28.)  to  defcribe 
the  equal  fpaces  AB?  BC,  CD,  and  con- 
fequently  with  refped  to  the  point  L,  the 
equal  areas  ALB,  BLC,  CLD,  in  e- 
qual  times.  Let  a centripetal  force  be  im- 
prefied  at  D,  which  would  caufe  it  to  de- 

* This  reafoning  depends  on  that  well-known  propo- 
rtion (38.  e.  1.)  that  triapgles  conftituted  upon  equal 

bates,  and  between  the  fame  parallels  are  equal  to  one 
another. 
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fcribe 


So  Property  of  a centripetal  Force. 

fcribe  the  fpace  Dd  in  the  lame  time  as  DE, 
(which  is  equal  to  J3C,  6cc.)  Complete  the 
parallelogram  DdeE,  and  at  the  end  of  the 
time  the  body  will  be  found  at  p;  hav- 
ing defcribed  the  diagonal  De.  Then  will 
the  triangle  DeL  be  equal  to  DEL,  for  they 
iland  on  the  fame  bafe  DL,  and  between  the 
parallels  DL  and  Ee.  Continue  eF  equal  to 
De,  and  the  area  eFL  will  be  equal  to  DeL; 

eF  reprefenting  the  fpace  which  would  be 
defcribed  in  the  fame  time  as  De,  if  no 
new  impulfe  were  given  at  e.  Let  a force  e in 
be  impreffed  at  e,  and  by  the  fame  procefs  it 
is  proved,  that  efL  is  equal  to  eFL.  The 
like  may  be  proved  of  the  triangles  fgL^ 
ghL,  &c. 

Since  therefore  any  fingle  impulfe  can 
only  alter  the  velocity  and  direction,  but 
never  affedt  the  area  defcribed,  it  is  plain  that 
any  number  pf  fucceflive  impulfes  will  like- 
wife  have  no  effedt  on  the  area.  Suppole 
the  number  of  impulfes  to  be  infinite,  or,  in 
other  words,  let  a force  diredted  to  the  cen- 
ter adt  continually  on  the  body,  and  a poly- 
gon with  an  infinite  number  of  fides,  that  is 

to 
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to  fay)  a curve,  will  be  deferibed,  whorfe  ra- 
dius accompanying  the  moving  body,  will 
deferibe  or  fweep  over  equal  areas  in  equal 
times. 

And  ccnverfely,  if  a body  revolve  about 
a point,  fo  as  to  deferibe  a curve,  wHofe  ra- 
dius accompanying  the  motion,  does  fweep 
over  equal  areas  in  equal  times,  the  centri- 
petal force  which  defiedts  the  motion  from 
I * right  line,  is  directed  to  that  point. 

But  no  inftance  of  a centripetal  force  directed 
to  ail  immoveable  point  is  found  in  nature. 
Bodies  attradt  one  another,  and  that  mutually,. 
Therefore,  if  one  body  revolves  about  ano- 
ther, this  laft  will  not  remain  at  reft,  but 
will  revolve  in  a * fimilar  curve  about  the 
common  center  of  gravity,  as  will  alfo  the 
firft  body.  That  is  to  fay,  if  the  center  of 
gravity  be  at  reft,  the  two  bodies  will  ab- 
folutely  move  in  fimilar  curves  about  that 
center,  and  relatively  about  each  other  in 
curves  fimilar  to  thofe  laft  mentioned.  And 
the  time  of  a periodical  revolution  will  be  the 
fame  in  both  cafes. 


* Principia.  57.  1.  1. 
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8 2 Properties  of  revolving  Bodies . 

Thefe  motions  will  not  be  altered,  if  the 

- 

center  of  gravity  be  fuppofed  in  motion. 

Therefore,  when  we  fpeak  of  the  orbits 
and  periodical  revolutions  of  bodies,  we  may 
in  general  regard  one  of  the  bodies  as  fla- 
tionary, and  the  other  as  revolving  round 
it. 

If  a body  revolve  round  a center  in  an 
orbit  which  is  not  circular,  it  is  plain,  that 
to  defcribe  equal  areas  in  equal  times,  it  muft 
move  fwifter  when  near  the  center  than  when 
more  diflant ; and  it  is  likewife  evident,  that 
when  the  velocity,  and  confequently  the  ten- 
dency to  fly  off  in  a tangent  is  increafed,  a 
greater  centripetal  force  will  be  required  to 
retain  it  in  its  orbit. 

From  the  properties  of  the  ellipfis  it  is 
demonflrated,  that  a body  revolving  in  that 
curve,  whofe  centripetal  force  tends  to  one 
of  its  foci,  muft  in  any  part  of  its  orbit  be 
attracted  towards  that  focus,  by  a force 
which  is  reciprocally  as  the  fquare  of  its 
diflance. 

A very  complete  and  clear  idea  of  the  el- 
lipfis may  be  had  from  the  common  way  of 
defcribing  it  ; if  a thread  CAC  be  faftened  by 
tf  v its 
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its  ends  at  the  points  CC,  and  a pointed  in- 
strument be  inferted  in  the  bight  or  bend  at 
A,  and  moved  towards  B or  E,  keeping  the 
thread  at  full  ftretch,  it  will  in  one  revolution 
defcribe  the  ellipfis  ABDE.  CC  are  called 
the  foci.  • (See  fig.  30.) 

To  illuftrate  this  doCtrine  of  revolving 
bodies,  we  may  obferve,  that  as  gravity  con-* 
ftantly  a<fts  on  all  bodies  in  the  vicinity  of  the 
earth,  attracting  them  towards  its  center,  every 

K t ■ v * L - r • . 

projedtile,  which  is  not  thrown  in  the  line  of 
the  perpendicular,  may  be  confidered  as  a body 
revolving  about  that  center ; and  if  its  orbit 
be  not  Sufficiently  large  to  contain  or  circum- 
fcribe  the  body  of  the  earth,  it  will  be  in- 
terrupted in  its  courfe,  and  remain  at  reft  Some- 
where on  the  Surface.  Thus  let  ABE  (fig.  3 1 .) 
reprefent  the  earth,  whole  center  is  at  C ; then 
if  a body  be  projected  from  A in  the  direction 
AF,  it  will  by  the  aCtion  of  the  centripetal 
force  be  deflected  into  the  curve  AGB,  and 
will  remain  at  reft  at  B,  being  prevented  from 
defcribing  the  whole  orbit  AGBDA,  by  the 
body  of  the  earth,  which  interrupts  its  courfe 
at  B.  But  the  part  AGB  of  the  elliptical 

G 2 orbit 
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orbit  of  a projectile  is  fo  fmall,  ii/  compa- 
rifon  to  that  part  which  is  not  defcribed,  that 
it  may  without  any  fenfible  error  be  confider- 
ed  as  a parabola,  except  fo  far  as  the  re- 
finance of  the  air,  which  is<  not  here  re- 
garded, makes  it  fall  Short  of  B,  by  de- 
stroying part  of  its  motion. 

The  orbit  AGBDA,  of  which  the  para- 
bola is  part,  would  have  been  defcribed  upon 
the  fuppofition,  that  the  attraction' towards  the 
center  continued  to  obferve  the  fame  law 
within  as*  without  the  fphere.  But  this  fup- 
pofition, however,,  is  not  true ; for  a fphere 
of  uniform  denfity,  compofed  of  particles- 
which  attraCt  each  other  with  forces  recipro- 
cally as  the  fquare  of  their  distances,,  will  at- 
tract bodies  without  its  furface  according  to- 
the  fame  law  ; relation  being  had  to  its  cen- 
ter. But  the  centripetal  forces  of  bodies- 
placed  within  the  fphere,  will  be  direCtly  as 
their  distances  from  the  center*. 

Letthe  circle  BCDG  (fig.  32.)  reprefent  the 
earth.  From  the  top  of  the  mountain  A,  let  a- 
body  be  projected  in  the  horizontal  direction. 
AF,  with  a force  that  will  carry  it  to  B on  the 


* Ptfncipia.  80. 1.  1. 
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Cuiface.  Imagine  it  to  be  projected  in  the 
fame  direction  with  a Hill  greater  force,  and 
it  will  be  carried  to  C.  A hill  greater  in- 
•creafe  of  force  will  carry  it  to  B.  And  a 
yet  greater  augmentation  will  carry  it  round 
the  earth  to  A,  where  it  will  proceed  with  a 
velocity  equal  to  that  with  which  it  was  firft 
projected,  and  by  confequence  (the  refiftance 
of  the  air  being  difregarded)  will  revolve  in 
that  orbit  for  ever.  But  if  the  projedtile 
force  be  liill  more  increafed,  it  will  defcribe 
the  ellipfis  AbA  with  an  unequable  motion^ 
flower  at  b andfwifterat  A,  and  continue  to 
•revolve  for  ever  in  that  orbit. 

If  gravity  adts  in  the  difrant  fpaces  of 
the  heavens  inverfely  according  to  the  fquares 
of  the  diftances,  it  will  be  eafy  .to  apply  this 
to  the  motions  of  the  celeftial  bodies.  This 
will  be  proved  hereafter,  but  in  the  mean 
•time  it  is  necedary,  that  the  appearances 
.fhould  firft  be  defcribed  before  an  explana^* 
•tion  of  them  can  be  given. 
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BOOK  I. 

SECT.  III. 

Of  Ajlronomy , 


CHAP.  I. 

Of  the  Syjlem  of  the  Univerfe . 

IN  the  early  ages  of  the  world,  it  is  more 
than  probable  that  the  fciences  originated 
from  the  wants  of  mankind.  The  mechanic 
arts  were  invented  to  forward  the  labours  of 
agriculture,  and  thofe  works  which  are  ne- 
ceffary  to  render  life  comfortable.  Geometry 
was  invented  for  the  purpofe  of  marking  the 
limits  or  quantity  of  lands;  and  an  accurate 
observation  of  the  returns  of  the  feafons  was 

required^ 
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required,  that  the  proprietor  might  with  cer- 
tainty know  when  to  expeft  his  crop.  Hence 
the  origin  of  aftronomy.  Perhaps  this  fei- 
ence  might  have  "been  long  applied  to  no  other 
ufe  than  that  of  dividing  time,  if  the  natu- 
ral fertility  of  the  human  invention  had  not 
attributed  to  the  heavenly  bodies  the  function 
of  iuperintending  the  fates  of  men.  The  con- 
feioufnefs  of  the  exiftence  of  a deity  being  the 
immediate  confequence  of  the  confcioufnefs  of 
felf-exiftence,  it  was  natural  to  with  for  the 
knowledge  of  his  intentions  and  our  duty. 
Whether  reafon,  unaffifted  by  revelation,  be 
adequate  to  the  talk  of  gratifying  this  with,  is 
a queftion  foreign  to  our  prefent  purpofe  ; but 
certain  it  is,  that  the  ancients,  inftead  of  en- 
quiring with  that  coolnefs  and  caution  which 
are  fo  neceftary  in  any  refearch  whatfoever, 
did  on  the  contrary  give  rein  to  their  imagw 
nation,  and  formed  a fyftem  of  theology, 
which,  though  highly  inconftftent,  was  al- 
moft  univerfally  received  till  the  introduction 
of  Chriftianity.  Inftead  of  attending  to  the 
idea  of  One , omniprefent  and  omnifeient,  they 
invented  an  innumerable  hoft  of  fubordinate 

O 4 deities, 


$3  Of  the  Sy/Iem  of  the  TJniverfe. 

deifies,  each  of  whom  governed  in  his  re- 
jfpedlive  province.  The  feven  erratic  bodies, 
viz.  the  Sun,  Moon,  Saturn,  Jupiter,  Mars, 
Venus,  and  Mercury,  were  fuppofed  to  be 
under  the  immediate  direction  of  as  many 
gods  of  different  tempers  and  difpofitions. 
Plants,  animals,  and  even  men  were  claffed 
out  to  each  of  thefe  gods,  and  a chimerical 
fcience  Was  laid  down  for  the  prediction  of 
future  events,  from  the  relative  fituations 
or  afpeCts  of  the  celeftial  bodies.  This  was 
called  aftrology,  and  is  not  at  this  day  en- 
tirely exploded.  A motive  fo  important  and 
gratifying  to  the  anxious  curiofity  of  man 
could  not  fail  to  produce  a conftant  obierva- 
fcion  of  thefe  afpeds,  and  by  that  obfervation, 
the  knowledge  of  aflronomy  had  made  a 
confiderable  progrefs,  while  more  obvious 
fciences  were  yet  in  their  infancy. 

By  the  earlied  accounts  it  appears  probable, 
that  the  orientals  were  firft  acquainted  with 
the  true  fyftem  of  the  world ; Pythagoras 
having  obtained  that  knowledge  during  his 
travels  in  India,  which  he  afterwards  taught 
in  Magna  Gnecia.  Let  us  pafs  by  the  va- 
rious 
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nous  and  intricate  fchemes  by  which  philo- 
sophers attempted  to  refolve  the  celeftial  ap- 
pearances, till  the  ancient  lyllem  of  the 
world  was  revived  by  * Copernicus,  whofe 
name  it  has  ever  fince  retained.  Let  us  fup- 
pofe  ourfelves  in  the  fituation  of  the  oriental 
fages,  to  whom  the  firft  difcovery  is  attribut- 
cd,  and  by  tracing  the  fbeps  by  which  it  was 
made,  we  fhall  exhibit  a clear  idea  of  it,  at 
the  fame  time  that  we  expofe  the  proofs  by 
which  we  are  induced  to  receive  it  as  truth. 

The  fill!  and  moll  obvious  phenomenon, 
that  prefents  itfelf  to  obfervation,  is  the 
apparent  diurnal  motion  of  the  heavens, 
by  which  the  fun,  moon,  and  liars  are 
feen  to  rife  and  fet.  This  motion  was  foon 
obferved  to  be  fubjecfl  to  feeming  irregu- 
laiities.  If  its  period  was  ellimated  from 
funrife  to  funrife,  a little  time  evinced,  that  the 
fun  did  not  always  rife  on  the  fame  azimuth, 
'nor  remain  above  the  horizon  fo  long  in 
winter  as  in  fummer.  The  moon  was  Hill 


* A.  D.  1543,  the  year  in  which  he  died.  After  fun- 
preffing  his  book  de  Revolutionibus  Orbium  cceleftium 
for  more  than  fix-antt-thirty  years,  it  was  at  length  pubs 

death’  C 7y,br°Usht  “ him  a hours  before  his 
acatn. baiiendus  in  vita  Copernici. 
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lefs  adapted  to  the  purpofe  of  determining  this  - 
period,  her  variations  being  in  every  refpetft 
more  confpicuous.  The  fixed  ftars  remained 
'which  appeared  indeed  to  rife  and  fet  regu- 
larly, but  yet  in  a period  fhorter  than  the 
natural  day  ; for  thofe  ftars,  which  at  a cer- 
tain time  of  the  year  were  feen  to  rife  at 
midnight,  were  found  to  make  their  appear  r 
ance  early  in  the  evening,  after  the  fpace  of 
three  months  was  elapfed.  It  was  there- 
fore to  be  determined,  which  of  thofe  mo- 
tions ought  to  be  regarded  as  the  motion 
of  the  heavens ; and  it  was  much  more  ob- 
vious and  intelligible,  to  fuppofe,  that  the 
fun,  by  a relative  motion  to  the  eaftward  with 
refpedt  to  the  fixed  ftars,  lhould  make  the 
days  fomewhat  longer  than  the  real  time  of 
a revolution,  than  that  all  the  ftars  fhould 

i 

conftantly  move  with  a velocity  greater  than 
that  of  the  heavens.  To  determine  this  re- 
lative path  of  the  fun  was  not  difficult.  By 
the  ffiadow  of  a perpendicular  ftafft  or  other 
equivalent  inftrument  at  mid-day,  his  vary- 
ing declination  towards  the  north  or  fouth 
might  be  known,  and  the  afore-mentioned 
advance  in  the  riding  of  the  ftars  would  mark 

his 


- 
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his  difference  in  right  afcenfion.  By  this  or 
fome  fuch  method,  it  was  difcovered,  that 
while  the  fixed  ftars  rife  and  fet,  each  on  its 
proper  azimuth,  without  varying  their  re- 
lative pofitions ; the  fun,  by  defcribing  an- 
nually a circle  towards  the  eaft,  which  was 
inclined  to  the  direction  of  its  daily  courfe  in 
an  angle  of  23  * degrees,  did  occafion  all 

the  difference  of  feafons,  length  of  days, 
&c. 

In  noting  thefe  appearances,  the  obferver 
would  of  courfe  feledt  the  brighteft  ftars  as 
objedts  of  his  attention.  Thofe  are  the 
planets,  and  confequently  their  motions  could 
not  long  remain  unnoticed.  The  planet 
Venus  efpecially,  receding  from  the  fun  to 
the  eaftward,  would  appear  as  an  evening  ftar 
in  the  weft  after  funfet ; would  difappear  on 
its  re-approach  to  it,  and  afterwards  be  feen 
at  a,  nearly,  equal  diftance  to  the  weftward, 
and  riling  before  the  fun,  become  a morning 
ftar.  The  flownefs  of  its  apparent  motion 

* Thefe  terms  are  explained  at  ch.  12  of  this  fedtion, 

which  fee. Every  circle  is  fuppofed  to  be  divided  into 

360  parts,  which  are  called  degrees. 
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near  its  greatell  elongation  or  angular  diftancc 
from  the  fun,  would  Ihew  that  that  motion 
was  performed  in  an  orbit,  in  the  center  of 
which  the  fun  was  placed ; and  the  fhort 
time  employed  in  palling  from  its  greatell 
elongation  ealtward  to  its  greatell  elongation 
weftward>  when  compared  to  the  time  of  its 
courfe  between  the  fame  elongations  in  the 
contrary  dire6tion,  would  evince  that  its  re- 
volution was  made  from  well  to  eafL  The 
proportion  between  its  diilance  from  the 
fun,  and  that  of  the  fun  from  the  earth,  would 
be  found  from  the  quantity  of  its  greatell 
elongation. 

To  illullrate  this.  Let  S (fig.  33.)  reprefent 
the  fun,  E the  earth,  ABvKVHF  the  orbit  of 
Venus,  CHLaSbD  part  of  the  ecliptic  or  fun’s 
annual  path.  Then  to  a fpedlator  at  E,  fituate 
nearly  in  the  plane  of  the  faid  orbit,  the 
planet  when  at  B will  be  referred  to  the  point 
b in  the  ecliptic  ; and  when  by  its  regular 
-motion  in  its  orbit,  it  has  defcribed  the  arc 
Bv,  it  will  appear  to  have  defcribed  with  an 
irregular  motion  the  arc  bD.  When  at  v,  it 
will  appear  f alionary  at  D,  and  after  a little 

time 
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time  begin  to  move  back  from  D to  b : for 
after  defcribing  the  arc  vj,  it  will  again  be 
feen  at  b.  Continuing  its  courfe,  it  will  ar- 
rive at  V,  having  apparently  palled  through 
the  arc  bC.  At  V it  will  again  become  fta- 
tionary,  and  afterwards  move  to  G,  F,  A, 
&c.  which  will  be  reprefented  by  their  cor- 
refponding  points  in  the  ecliptic.  Now 
fince  the  motion  as  feen  from  the  earth,  is 
that  which  appears  in  the  ecliptic,  and  lince 
the  apparent  motion  from  b to  D,  may  as 
well  be  produced  by  a real  motion  from  J to 
v,  as  by  one  from  B to  v,  it  remains  to  be 
determined  in  what  direction  the  real  motion, 
is  made  by  which  the  apparent  motion  is 
produced.  Becaufe  EC  and  ED  are  tangents 
to  the  orbit,  the  points  D and  C,  which  cor- 
refpond  with  the  pofitions  v and  V,  are  thofe 
of  its  greateft  elongations,  and  becaufe  tho 
arc  vV,  which  is  palfed  over  in  the  inferior 
part  of  the  orbit  between  the  two  greateft 
elongations,  is  much  lefs  than  the  fuperior 
arc  VABv,  which  is  palfed  over  between  the 
fame  elongations,  it  is  plain,  that  when  the 
planet  is  in  the  inferior  part  of  the  orbit, 
tne  /pace  CD  will  be  performed  in  much 
a lefs 
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lefs  time  than  when  it  is  in  the  fuperiof 
part.  It  is  alfo  evident,  when  the  planet 
moves  in  the  fuperior  part  of  its  orbit,  that 
the  apparent  motion  in  the  ecliptic  has  the 
fame  direction  as  the  real  motion.  There- 
fore, fince  we  have  a criterion  to  diftinguifh 
the  motion  in  the  fuperior  from  that  in  the 
inferior  part,  we  can  ealily  determine  the 
direction  of  the  motion  in  its  orbit,  which 
is  proved  to  be  from  weft  to  eaft. 

The  diftance  of  Venus  from  the  Sun,  in  pro- 
portion of  that  of  the  Sun  from  the  earth,  is 
determined'  from  its  greateft  elongation; 
thus  draw  the  line  VS,  which  will  be  at 
right  angles  to  the  tangent  VE,  then  in  the 
right  angled  triangle  VES,  by  the  rules  of 
plain  trigonometry. 

As  radius 

Is  to  the  fun’s  diftance  ES, 

So  is  fine  of  the  angle  of  greateft  elon- 
gation VES, 

To  the  diftance  of  Venus  from  the 
fun  VS. 

By  ftmilar  obfervations  on  the  planet 
Mercury,  it  is  determined  that  his  revolu- 
n tions 


<sV 
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tions  are  performed  round  the  fun  in  like 
manner,  and  accompanied  with  circumftances- 
ef  the  fame  nature  as  Venus, 


CHAP,  II, 


Of  the  Figure  and  Motion  of  the  Earth, 


O R the  fake  of  concifenefs,  we  hav© 
not  hitherto  confidered  the  effe&s  which 
the  fun’s  annual  motion  in  the  ecliptic  has 
upon  the  apparent  motions  of  the  planets, 
though  it  is  very  confiderable.  Neither 
have  we  determined  whether  this  apparent 
annual  motion  be  the  confequence  of  a 
real  motion  of  the  fun  about  the  earth, 
or  of  the  earth  round  the  fun.  The 
cceleftial  phenomena  may  be  explained  ei- 
ther way,  but  in  a much  more  ftmple  and  in- 
telligible manner  by  the  latter  fuppofition. 
The  apparent  motions  of  the  planets.  Mars., 
Jupiter,  and  Saturn  are  fo  remarkably  affec- 
ted by  this  annual  motion,  that  we  cannot 
avoid  having  recourfeto  it  incur  explanation. 

We 
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We  fhall  therefore  previoully  give  an  account 
of'ithe  figure  of  the  earth,  and  the  reafons  on 
which  the  fuppofition  of  its  motion  is  found- 
ed. The  proof  will  come  more  properly 
when  we  treat  of  the  phyfical  caufes  of  thefe 
motions.  At  prefent  we  only  deferibe  ap- 
pearances, and  draw  plain  inferences  from 
them. 

The  fixed  Ears  being  clafied  into  con- 
ciliations, and  their  relative  fituations  known, 
an  obferver  would  foon  perceive  that  their 
diurnal  revolutions  were  performed  round  an 
axis,  obliquely  fituated  with  refped  to  the 
horizon  one  of  its  extremities  or  poles  being 
above  the  horizon  to  the  * north,  and  the  other 
as  far  below  it  to  the  fouth,  and  confequently 
invifible.  By  travelling  to  the  northward,  the 
north  pole  would  become  more  elevated,  and 
that  exactly  in  proportion  to  the  fpacc  travel- 
led over ; whence  follows  the  conclufion, 
that  the  earth  is  round  or  fpherical.  Let  the 
circle  EBD,  (fig.  34.)  reprefent  a legion  of 
the  earth,  AH  the  fenfible  horizon,  EK  the 
rational  horizon  parallel  to  it.  A fpedtator 


* Suppofing  the  obferver  to  be  in  north  latitude. 


at 


Figure  of  the  Earth.  gy 

at  B fees  the  * pole  far  at  S (elevated  above 
the  horizon  in  the  angle  HBS)  fo  far  diftant 
that  any  lines  drawn  from  the  earth  to  it  may 
be  reckoned  parallel.  Then,  if  the  earth  be 
flat  or  plane*  and  the  fpedator  travel  north- 
ward from  B to  J,  he  will  flill  fee  it  in  the 
fame  elevation,  for  the  angle  sJH  is  equal  to 
the  angle  SBH,  becaufe  SB  and  sj  are  parallel. 
But  if  the  earth  be  fpherical,  the  elevation  of 
the  north  pole,  by  travelling  north  ward,  will 
be  always  in  proportion  to  the  diftance  tra- 
velled over. 

For,  let  the  fpedator  travel  from  B 
to  D,  over  the  arc  or  fpace  BD,  his  fen- 
fible  horizon  will  then  be  reprefented  by 
the  line  aF,  and  his  rational  horizon  by  ef ; 
he  will  fee  the  ftar  in  the  direction  Ds  pa- 

Irallel  to  BS,  and  its  altitude  above  the  horizon 
will  be  the  angle  sDF.  Draw  the  line  DG 
parallel  to  BH,  and  the  angle  sDG  will  be 
equal  to  the  angle  SBH,  and  the  angle  GDF 
will  be  the  increafe  of  altitude.  Now,  be- 
caufe Cf  and  DF  are  parallels,  as  are  like- 

* There  is  no  ftar  which  is  fituated  at  the  pole.  The 
ftar  a in  Urfa  Minor,  which  is  called  the  pole  ftar,  is 
about  2 i degrees  diftant  fr.om  it. 

Vol.  I.  H 


wife 


9$  Figure  and  Dmenfions  of  t he  Earth. 

wife  CK  and  DG,  the  angles  KCf  and  GDF 
are  equal ; and  becaufe  the  angles  KCf  and 
BCD  are  both  lefs  than  a right  angle,  by  the 
deduction  of  the  common  angle  DCK  they 
alfo  are  equal.  Whence  the  angle  GDF  is 
equal  to  the  angle  BCD.  But  the  angle  BCD 
(and  confequently  the  angle  GDF)  is  ever  in 
proportion  to  the  length  of  the  arc  BD, 

which  fubtends  it.  The  arc  BD  is  the  dif- 

/ 

tance  travelled  over.  Therefore,  if  the  earth 
be  a fphere,  the  elevation  of  the  pole  which 
is  gained  by  travelling  towards  it,  is  always 
in  proportion  to  the  diflance  travelled  over. 
This  is  found  to  be  true,  in  fa£t,  therefore,  as 
above  afferted,  the  earth  is  fpherical. 

Hence,  if  the  length  of  the  arc  BD  be 
meafured,  and  its  quantity  in  degrees  known 
by  obfervation  on  a ftar,  the  length  of  the 
whole  circumference  of  the  earth  may  be 
found  by  the  proportion.  As  the  quantity  of 
degrees  is  to  the  length  meafured,  fo  is  the 
whole  circumference,  or  360  degrees  to  its 
length. 

The  modern  circumnavigation  likewife 
proves  the  fphericity  of  the  earth,  for  by 
failing  continually  calhvard,  or  continually 

weft  ward. 
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\veftward,  veffels  arrive  again  at  the  port  from 
whence  their  firft  departure  was  taken. 

Alfo,  in  an  eclipfe  of  the  moon,  the  fha- 
dow  of  the  earth  is  always  projected  in  a cir- 
cular form.  Now,  it  is  evident,  that  the 
/ 

body  whofe  fhadow  is  in  all  pofitions  a circle* 
muft  itfelf  be  a globe. 

Unfurnished  with  the  proofs,  which  the 
fagacity  and  more  accurate  obfervations  of 
later  ages  have  afforded,  the  ancients  could 
not  adduce  thofe  reafons  for  the  earth’s  mo- 
tion, which  depend  on  the  general  laws  of 
motion,  and  the  nature  of  gravity.  Without 
dpubt  they  had  recourfe  to  thofe  which  de- 
pend on  the  moral  fitnefs  of  things.  They 
were  perfuaded  that  the  wifdom  of  the  AU 

mighty  had  created  every  thing  irt  the  bed: 
manner  poffible,  and  therefore,  that  when  an 
effedt  could  be  as  wrell  produced  by  fimplq 
caufes  as  by  complicated  ones,  the  obferver 
of  nature  ought  to  attribute  it  to  the  former. 
They  faw  the  two  planets.  Mercury  and  Ve- 
nus revolving  round  the  fun  in  orbits, 
whofe  radii  were  lefs  than  the  diflance  be- 
tween the  fun  and.  the  earth : tne  fuperior 
planets.  Mars,  Jupiter,  and  Saturn,  were 

H ?B  alfo 


1 00  Motions  of  the  Earth . 

alfo  obferved  to  move  in  orbits  about  the  fun- 
\ J 

but  at  greater  diftances  than  that  between  the 
fun  and  earth.  If  the  fun  were  fuppofed  to 
move  in  the  ecliptic,  it  muft  carry  the  orbits 
of  thefe  bodies  along  v/ith  it,  and  confe- 
quently  their  abfolute  motions  muft  be  very 
complicated  ; but  if  the  earth  be  fuppofed  to 
defcribe  an  orbit  round  the  fun,  between 

Venus  and  Mars;  the  abfolute  motions  are 

\ 

fimple  and  natural,  and  a beautiful  unifor- 
mity prevails  throughout  the  fyftem. 

The  annual  motion  of  the  earth  being 
allowed  on  this  principle,  its  diurnal  motion 
would  follow  by  the  fame  argument; 
it  being  much  more  reafonable  and  con- 
fiftent  to  fuppofe,  that  the  earth  by  a daily 
revolution  on  its  own  axis  from  weft  to  eaft, 
fhould  occafton  the  apparent  motion  of  the 
coeleftial  bodies,  than  that  thofe  bodies  fhould, 
beftdes  their  other  various  motions,  have  that 
aftonifhing  velocity  which  a real  diurnal 
motion  fhould  produce.  The  objections 
which  common  obfervers  might  make,  would 
be  ealily  difprovcd  by  men  whofe  penetra- 
tion was  capable  of  going  thus  far.  From 

the 
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the  obfervations  by  which  the  fpherical  form 
of  the  earth  was  difcovered,  they  would  alfo 
gather,  that  bodies  fell  not  abfolutely  down 
with  refpedt  to  fpace  itfelf,  as  was  imagined, 
'but  always  in  a line  directed  towards  the 
center  of  the  earth,  and  confequently  that 
no  danger  of  bodies  falling  off  would  arife 
from  its  continual  change  of  polition.  The 
inftances  of  fhips  carried  by  the  tides  in 
calm  weather,  would  likewife  fhew,  that  the 
relative  motions  or  pofitions  of  bodies  are 
not  changed  by  an  equal  velocity  given  to 
them  in  the  fame  parallel  direction. 

CHAP.  III. 

» x 

Of  the  mutual  Appearances  of  the  fuperior  and 
inferior  Planets. 

i f 

r | 'HAT  the  planets  Mars,  Jupiter,  and 
da-  Saturn  do  revolve  in  orbits,  which 
include  the  orbit  of  the  earth,  is  evident, 
becaufe  they7  are  frequently  leen  in  the  part  of 
the  ecliptic  diredtly  oppoiite  to  the  fun  ; and 
"re  orbits  do  refpedt  the  fun,  as  a 
H ^ center 
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center  appears  as  well  from  thofe  oppofitlons 
which  happen  in  every  part  of  the  ecliptic, 
as  from  their  unequable  apparent  motions, 
which  are  explained  by  referring  them  to 
that  center. 

We  have  confidered  the  apparent  motions 
of  the  inferior  planets  as  far  as  relates  to 
their  lituaticn  with  refpedt  to  the  fun.  The 
motion  of  the  earth  affedts  thofe  appearances, 
to  fpeak  in  general,  only  by  retarding  the 
time  in  which  they  return  again  to  the  fame 
situation. 

The  earth  at  E,  (fig.  33.)  is  a fuperior 
planet  with  refpect  to  Venus.  A fpedtator 
on  Venus  at  B,  would  fee  the  earth  E elon- 
gated from  the  fun  under  the  angle  EBS> 
which  angle  of  elongation  would  increafe  by 
the  motion  of  Venus  in  its  orbit  from  B to  V, 
where  it  becomes  a right  angle  EvS.  From 
J it  would  be  feen  in  an  angle  of  ftill  greater 
elongation  EjS,  and  from  M it  would  be 
feen  diredtly  in  oppofition  to  the  fun.  Faf- 
fing from  M to  K,  V,  &c.  the  angle  of 
elongation  would  decreafe  till  the  arrival  of 
Venus  at  N,  whence  the  earth  would  appear 

in  conjunction  with  the  fun,  and  the  angle 
2 cf 
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of  elongation  would  vanish.  This  relative 
motion  with  refpedt  to  the  fun  is  contrary  to 
the  order  of  the  figns,  or  from  eaft  to  weft, 
and  depends  entirely  on  the  motion  of  the 
inferior  planet  on  which  the  Ipedlator  is  fup- 
pofed  to  be  placed. 

If  the  earth  E was  at  a diftance  indefinitely 
great,  the  lines  BE,  vE,  JE,  &c.  might  be 
efteemed  * parallel,  and  confequently  the 
fpeeftator  would  view  it  always  in  the  fame 
point  of  the  ecliptic,  its  fituation  as  to  the 
fun  being  varied  only  by  the  apparent  motion 
of  the  fun,  which  is  occafioned  by  the  real 
motion  of  Venus.  But  as  that  is  by  no 
means  the  cafe,  an  apparent  motion  of  the 
earth  among  the  figns  of  the  ecliptic  will  be 
produced.  Thus,  the  earth  viewed  from  N, 
will  appear  among  the  fixed  ftars  at  P from 
B it  will  appear  at  R j from  v at  O,  where 
it  will  be  ftationary  fo  long  as  the  orbit  of 
v enus  does  not  fenfibly  differ  from  its  tan- 
gent ; from  J it  will  be  feen  returned  back 
to  R with  a retrograde  motion  ; from  M at  P ; 
from  K at  T from  V at  where  it  again 

* Parallel  lines  may  be  defined  to  be  lines  that  tend  to  a 
point  infinitely  diflant. 

H 4 
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becomes  ftationary  • and  from  A it  will  be 
again  feen  at  T,  its  motion  having  become 

direct,  &c.  whence  we  may  obferve,  that 

When  a fuperior  planet  viewed  from  an 
inferior  one  appears  ftationary,  the  inferior 
planet  viewed  at  the  fame  time  from  the  fu- 
perior one  is  alfo  ftationary,  and. 

When  the  inferior  planet  viewed  from  the 
fuperior  one  moves  apparently  retrograde  or 

contrary  to  the  order  of  the  figns,  the  fu- 
perior planet  has  alfo  an  apparently  retro- 
grade motion. 

But  fince  the  earth  has  an  annual  motion 
round  the  fun  in  its  orbit,  we  are  therefore  to 
difcover  what  part  of  Venus’s  apparent  motion 
is  produced  by  that  means.  It  is  plain,  that  if 
the  earth  were  at  reft,  and  Venus  feen  at  v,  its 
greateft  elongation,  it  would  again  be  feen  in 
the  fame  polition,  after  performing  a complete 
revolution  in  its  orbit.  But  v»7hile  Venus  is  per- 
forming this  revolution,  the  earth  is  carried  from 
E towards  W,  and  fo  forth.  Therefore  Venus 
muft  pais,  between  two  fimilar  elongations, 
not  only  a complete  revolution,  but  likewiie 
the  whole  angular  fpace  which  the  earth  has 
performed  in  the  fame  time.  Hence  its  pe- 
riodica'. time  may  be  found.  Fcr  tire  time 

between 
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between  two  fimilar  portions  is  obferved  to  be 
583  days.  Now  dividing  the  earth’s  orbit  into 
365  equal  parts  or  days,  the  angular  velocity  of 
Venus  will  be  exprefied  by  one  revolution,  or 
365  days  added  to  583  days,  equal  to  5)48 ; and 
the  earth’s  angular  velocity  will  be  583. 

The  periodical  times  of  Venus  and  the 
Earth,  will  be  reciprocally  as  their  angular 
velocities  ; confequently. 

As  the  angular  velocity  of  Venus  - - 948 
Is  to  the  angular  velocity  of  the  Earth  - 583 
So  is  the  periodical  time  of  the  Earth  - 365 
To  the  periodical  time  of  Venus-  - - 224.x 

Were  it  not  for  the  fixed  Ears,  it  would  be 
extremely  difficult,  if  not  impoffible  to  prove 
the  annual  motion  of  the  earth.  We  ffiould 
conclude,  that  the  planets  made  a complete 
revolution  between  any  two  fimilar  fituations 
with  refpedf  to  the  fun,  becaufe  the  fpaces  of 
elongation  are  fimilarly  defcribed,  and  are  in 
quantity  the  fame,  whether  the  earth  be  in 
motion  or  not.  For  inftance,  if  the  earth  be 
fixed  at  E,  the  fame  apparent  elongations 
will  be  made  by  Venus  with  any  velocity 
whatfoever  in  its  orbit,  but  they  will  occur 

more 
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more  frequently  the  greater  the  velocity.  If 
a motion  be  given  to  the  earth  in  the  orbit 
EW,  Venus  will  approach  from  v to  M, 
which  is  now  in  motion,  with  a velocity 
equal  to  the  difference  between  its  angular 
velocity  and  that  of  the  earth  : or  if  the 
earth’s  angular  velocity  be  greateft,  it  will 
apparently  recede  from  M,  and  defcribs  its 
revolutions  in  the  contrary  direction  to  its 
real  motion.  Now,  as  all  the  apparent  mo- 
tion of  Venus  in  elongation  is  known  by  its 
approach  or  recefs  from  the  line  SE,  and 
fmce  any  angular  motion  of  SE  can  only 
change  the  relative  velocity  of  Venus  > and 
iSnce  a change  of  velocity  will  not  alter 
the  elongations,  except  as  to  time,  it  is  evi- 
dent, that  we  cannot  determine  whether  E 
be  at  reft  or  no,  from  the  appearances  of 
the  planets  which  revolve  about  the  fun. 
It  is  then  from  the  apparent  motion  of  the 
fun,  with  refpedt  to  the  fixed  ftars,  that  we 
conclude  that  the  earth  deferibes  an  orbit 
in  about  365  days. 

If  the  fuperior  planet  E were  at  reft,  the  re- 
trograde motion  of  the  inferior  planet  v 
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among  the  fixed  dars  will  be  the  fame  as  its  mo- 
tion in  elongation,  viz.  the  angle  vEV . But  if 
E'  move  in  the  fame  direction  as  v,  but  flower, 
'the  angle  or  arc  deferibed  by  the  retrograde 
motion  in  the  ecliptic  will  be  lefs  than  that 
deferibed  between  the  two  oppofite  elonga- 
tions. The  fame  is  true  of  the  retrograde 
motion  of  the  fuperior  viewed  from  the  infe- 
rior planet. 

For  the  motion  of  E towards  W caufes  an 
apparent  motion  of  the  fun  towards  D.  And 
as  the  retrograde  motion  of  v referred  to  tha 
arc  DS  is  flowed;  near  the  elongations,  it  is 
plain  that  v will  not  become  dationary  in  the 
ecliptic  till  its  apparent  motion  in  elongation 
from  D towards  S is  equal  to  the  fun’s  appa- 
rent motion  in  the  contrary  direction } that  is 
to  fay,  till  fqme  time  after  pading  the  greated 
elongation,  fuppofe  at  d.  After  which  its 
motion  becomes  retrograde  till  it  arrives  at 
H,  equididant  from  its  greated  elongation  on 
the  other  fide,  where  it  again  becomes  datio- 
nary, its  apparent  motion  being  equal  and 
contrary  to  that  of  the  fun  in  the  ecliptic. 
Now,  the  angle  LEd  is  lefs  than  die  angle 

of  retrograde  motion  in  elongation  CED.  And 

fince 
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fince  the  angle  lEq  is  equal  to  LEd,  it  is  alfo 
lefs  than  CED.  But  thofe  angles  lEq  and 
LEd  are  the  meafures  of  the  retrograde  mo- 
tions of  the  fuperior  and  inferior  planets,  when 
viewed  from  each  other.  Whence  the  pro- 
poiiticn  is  evident. 


CHAP.  IV. 


Of  the  fuperior  Planets , and  of  the  true  Form 
of  the  Planetary  Orbits . 


V I"  ^ H E appearance  of  the  earth  when 
JL  viewed  from  Venus  being  explained, 
it  will  be  eafy  to  apply  that  explanation  to 
the  apparent  motions  of  the  fuperior  planets. 
Of  the  two  inferior  planets  Venus  ferved  us  as 
an  instance;  and  of  the  three  fuperior  ones  we 
(hall  feledt  Jupiter,  as  being  the  moft  bright 
and  confpicuous.  His  motions  being  ac- 
counted for,  limilar  obfervations  and  fimilar 
reafoning  will  obvioufly  folve  thofe  of  the 
other  planets,  whofe  particular  phenomena 
we  (hall  riot  therefore  enlarge  upon. 

That  Jupiter  revolves  in  an  orbit,  which 
includes  that  of  the  earth,  and  which  refpedis 

the 
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the  fun  as  its  center,  was  fhewn  in  the  begin- 
ning of  the  laft  chapter  i and  his  apparent 
motions  are  obferved  to  be  fi milar  to  thofe 
which  it  was  proved  the  earth  would  have 
when  feen  from  Venus.  It  remains  to  difeover 
his  periodical  time  and  diftance  from  the  fun. 

Let  S (fig.  35.)  reprefent  the  fun,  E the 
earth,  J Jupiter,  the  circle  Eea  the  earth’s 
orbit,  and  the  circle  JjA  the  orbit  of  Jupiter. 
Suppofe  Jupiter  to  be  in  oppofition  to  the 
fun.  The  earth  revolving  in  its  orbit  will,  in 
the  fpace  of  365  days,  arrive  again  at  E,  but 
the  oppofition  will  not  then  happen,  be'caufe 
Jupiter  in  the  mean  time  has  moved  in  his 
orbit  towards  j.  The  earth  muff  therefore 
pafs  through  the  arc  Ee  or  33  f days  before  it 
overtakes  him.  Confequently  the  angular 
velocity  of  Jupiter  will  be  expreffed  by  337* 
and  that  of  the  earth  by  one  whole  revolu- 
tion, (or  365)  added  to  337,  equal  to  3987, 
But  as  the  periodical  times  are  reciprocally  as 
the  angular  velocities,  it  will  be 
* As  the  angular  velocity  of  Jupiter  '33  % 

Is  to  the  angular  velocity  of  the  earth  398  \ 

So  is  the  periodical  time  of  the  earth  365  days 
To  the  periodical  time  of  Jupiter  4340  days. 

* Smaller  fractions  being  rejected,  the  perioJical  times 
are  not  minutely  exadl, 

2 


The 


j i o Mutual  Appearances  of  the  Planets. 

The  periodical  time  of  Jupiter  being  thus 
obtained,  it  will  be  eafy  to  determine  his  * 
heliocentric  place  at  any  time  before  or  after 
the  oppolition,  and  the  proportion  of  his  dis- 
tance from  the  fun  to  that  of  the  earth  from 
the  fun  being  known,  his  -f  geocentric  place 
may  likewife  at  any  time  be  difcovered.  His 
proportional  diftance  is  thus  found. 

The  figure  as  before.  Suppofe  the  earth  to 
have  moved  from  E to  C,  in  a given  time.  From 
the  time  we  can  readily  find  the  quantity  of 
the  angle  ESC  j and  in  the  fame  time  Jupiter 
will  have  moved  to  B,  the  angle  JSB  being 
alfo  known  from  its  proportion  to  his  whole 
periodical  revolution.  Subtradl  the  angle  JSB 
from  the  angle  JSC,  and  the  remainder  will 
be  the  arfgle  BSC.  By  obfervation  find  the 
angle  BCS,  or  Jupiter’s  elongation  from  the 
fun.  In  the  triangle  CBS,  the  fum  of  the 
two  angles  BSC  and  BCS  being  taken  from 
180  degrees,  leaves  the  angle  CBS.  Then, 
by  plain  trigonometry. 

As  the  fine  of  the  angle  of  the  earth’s 
elongation,  when  viewed  from  Jupiter  CBS 


* Viewed  from  the  fun  as  a center. 

| Viewed  from  the  earth  as  a center. 
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16  to  the  fine  of  the  angle  of  Jupiter’s 
elongation,  when  viewed  from  the  earth  BCS, 

So  is  the  earth’s  diftance  from  the  fun  CS 

To  Jupiter’s  diftance  from  the  fan  BS. 

The  angle  of  the  earth’s  elongation,  when 
viewed  from  Jupiter,  is  called  Jupiter’s  annual 
parallax,  and  is  always  equal  to  the  difference 
between  his  heliocentric  and  geocentric  place 
in  the  ecliptic,  as  a little  confideration  will 
fhew. 

By  fimilar  obfervations.  on  the  fuperior 
planets.  Mars  and  Saturn,  it  is  determined 
that  they  revolve  round  the  fun,  and  that 
their  apparent  motions  are  attended  with  cir- 
cumftances  of  the  fame  nature  as  thofe  of 
Jupiter. 

Thus  far  we  have  fpoken  of  the  appear- 
ances of  the  planets,  as  if  their  revolutions 
were  performed  in  circular  orbits,  in  the  cen- 
ter of  which  the  fun  wa$  fuppofed  to  be 
placed.  But  this  is  not  the  cafe.  Con- 
junctions, oppofitions,  fimilar  elongations,  or 
other  mutual  iituations  of  the  planets,  do  not 
return  again  in  exadly  the  fame  time,  and 
their  diftances  from  the  fun  are  found  to  be 
greater  or  lefs  in  different  parts  of  their  orbit3, 

their 
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their  angular  velocities  being  always  greater 
when  the  diftance  is  lefs.  Thus,  by  the 
increafed  diameter  of  the  fun  during  the  winter 
half-year,  we  find  that  our  diftance  is  dimi- 
nished ; and  that  our  velocity  is  increafed, 
appears  from  the  apparent  motion  of  the  fun, 
by  which  he  paftes  through  the  winter  half- 
circle of  the  ecliptic  in  near  eight  days  lefs 
than  he  employs  to  defcribe  the  fummer-half. 
By  a variety  of  obfervations  of  elongation  or 
parallax,  the  relative  or  proportional  diftances 
of  the  planets  from  the  fun,  and  their  veloci- 
ties are  found  for  every  heliocentric  poiition. 
Whence  they  are  proved  to  revolve  in  ellip- 
tical orbits,  in  one  focus  of  which  the  fun  is 
placed,  and  with  fuch  velocities,  that  a radius 
drawn  from  the  fun  to  the  planet,  and  fup- 
pofed  to  move  with  it,  does  defcribe  equal 
areas  in  equal  times. 

The  diftance  between  the  centerS  (fig.  33.) 
and  one  of  the  foci  C of  an  elliptical  orbit,  is 
called  its  eccentricity.  The  two  extreme 
points  of  the  tranfverfe  or  longeft  diameter  L 
and  U,  are  called  the  apfides.  If  the  focus 
about  which  the  equal  areas  are  defcribed  be 
at  C,  the  nearer  point  L is  called  the  lower 

aplis 


Planetary  Orbits  inclined  to  the  Ecliptic.  1 13 

apfis,  and  A is  called  the  upper  apfis,  and  the 
diameter  AP  is  called  the  line  of  the  apfides. 
But  it  is  more  common  to  fay,  that  a planet 
js  in  its  perihelium  when  at  P,  and  in  its 
aphelium  when  at  A.  When  the  earth  is  in 
its  perihelium,  the  fun  is  faid  to  be  in  its  peri- 
gee, and  when  the  earth  is  in  its  aphelium, 
the  fun  is  faid  to  be  in  its  apogee. 

The  eccentricities  of  the  planets  are  fo  {bn all, 
that  their  orbits  approach  nearly  to  circles. 

If  the  plane  of  the  earth’s  orbit  were  ex- 
tended indefinitely  every  way,  it  would  mark 
that  circle  in  the  heavens  which  is  called  the 
ecliptic,  or  fun’s  path.  If  the  orbit  of  any 
other  planet  be  fituated  in  this  plane,  it 
will  always  be  feen  in  the  ecliptic,  whe- 
ther viewed  from  the  earth  or  the  fun.  But 

I if  the  plane  of  the  planet’s  orbit  be  ob- 
liquely fituated  with  refpedt  to  that  of  the 

(ecliptic,  it  will  interfedl  it  in  a line  palling 
through  the  center  of  the  fun,  and  the  planet 
will  never  be  feen  in  the  ecliptic  but  when  ia 
the  points  of  inter  fedtion.  Thefe  oppofite  points 
of  the  ecliptic  are  called  the  nodes,  and  the 
line  of  interfeciion  is  called  the  line  of  the 
nodes.  When  a planet  croffes  the  ecliptic 
Von.  I.  I from 
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from  fouth  to  north,  the  node  is  termed  the 
afeending  node  \ and  when  it  croffies  from 

north  to  the  fouthward,  the  node  is  termed 
the  defeending  node. 

The  orbits  of  all  the  planets  are  inclined 
to  the  ecliptic  in  fmall  angles. 


CHAP.  V. 

Of  the  Affections  of  the  Planets. 

BY  fuppofing  ourfelves  in  the  place  of 
one  of  the  ancients  who  difeovered  the 
order  of  the  planetary  fyftem,  we  have  dis- 
played in  a curlbry  manner  fome  of  the  moft 
obvious  phenomena,  and  pointed  out  their 
natural  confequences.  What  has  been  faid  is 
Sufficient  to  ffiew  to  thofe  who  are  totally 
unacquainted  with  the  fubjedt,  that  the  idea 
of  a fyftem  of  bodies  revolving  round  the  fun 
is  not  a mere  idea,  but  is  founded  on  the 
mo fl  natural  deduction  from  the  celeffial 
appearances.  For  the  proceffes  by  which  the 
planets  places  are  determined  in  elliptical 
orbits,  we  refer  the  reader  to  treatifefr  which 

are  written  exprefsly  on  the  fubjedt,  and  in 

the 


Number  of  the  Planets.  1 1 5 

the  mean  time  proceed  to  note  feveral  of  thofe 
afFedions  of  the  heavenly  bodies,  as  deter- 
mined by  the  accurate  obfervations  of  modern 
times. 

Six  planets.  Mercury,  Venus*  the  Earth, 
Mars,  Jupiter,  and  Saturn,  revolve  about 
the  Sun  in  orbits  included  within  each 
other,  in  the  order  in  which  we  have 
mentioned  their  names.  Mercury  being  near- 
eft  the  Sun.  Thefe  are  called  primary  plan- 
ets, befides  which,  there  are  ten  which  are 
called  fecondary  planets,  Moons  or  Satellites, 
The  fecondary  planets  refped  the  primary 
planets,  performing  the  revolutions  about 
them,  but  are  at  the  fame  time  carried 
round  the  Sun  in  the  orbit  of  the  primary, 
Saturn  is  attended  by  five  Moons,  Jupiter 
by  four,  and  the  Earth  by  one,  ail  which, 
except  the  laft,  are  invifible  to  us,  by  rea- 
fon  of  their  fmallnefs  and  diftance,  unlefs 
telefcopes  of  a confiderable  magnifying  power 
are  ufed.  Without  this  aid,  it  would  like- 
wife  be  impofiible  to  afcertain  the  apparent 
diameters  of  any  of  the  cceleftial  bodies, 
the  Sun  and  Moon  excepted.  Here  follow 
fome  of  the  affedions  of  the  primary  planets, 

I 2 Names- 
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CHAP.  VI. 


Of  Parallaxes , and  cf  the  'Tranft  of  V mus. 
N E of  the  moft  ufual  methods  of 


meafuring  inaccefiible  diftances,  is  by 
means  of  two  ftations  whofe  diftance  from 
each  other  is  known,  and  the  angles  formed 
at  each  ftation  between  lines,  fuppofed  to  be 
drawn  from  the  diftant  object  to  them,  and 
the  line  which  joins  the  ftations  to  each  other. 
Thus  the  diftance  between  A and  B (fig.  36.) 
being  known,  as  likewife  the  angles  CAB 
and  CBA,  the  diftance  AC  or  BC  may  be 
readily  found  by  plane  trigonometry. 

Suppofe  the  objedt  C when  viewed  from  B, 
(fig.  36.)  to  coincide  with  another  objedt  S„ 
which  is  at  a diftance  indefinitely  great  j 
Then  the  objedt  C will  not  appear  to  coincide 
with  S,  when  viewed  from  A.  For  S,  on 
account  of  its  great  diftance,  will  be  feen  in 
the  line  AS,  parallel  to  BS  ; and  C will  be 
feen  in  the  line  AC  the  angle  SAC  being 

O O 

ihe  differ  cnce  between  the  apparent  places 


from 
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from  A and  B.  This  angle,  becaufe  of  the 
parallels  AS  and  BS,  will  be  always  equal  to 
the  angle  ACB,  and  is  by  aftronomers  called 
the  parallax,  being  diftingilifhed  by  fome 
appellation  relative  to  the  nature  of  the 
line  AB  : for  inftance,  it  is  the  annual  pa- 
rallax, when  AB  is  the  radius  of  the  annual 
orbit;  the  horizontal  parallax,  when  AB  is 
the  diftance  between  the  rational  and  fenfible 

i 

horizon,  &c. 

It  is  alma  ft:  unneceflary  to  obferve,  that  the 
longer  the  line  AB  is  in  proportion  to  the 
diftance  of  C,  the  greater  the  angle  ACB,  and 
that  in  general*  the  greater  the  angle  the  lefs  is 
the  diftance  affeded  by  any  fmall  error.  It 
is  therefore  requifite  that  the  bafe  AB  be  as 
large  as  poftible  or  convenient. 

The  diftances  of  the  planets  were  found  by 
trigonometry,  the  diftance  of  the  earth  from 
the  fun  being  aftumed  as  a bafe.  But  as  that 
bafe  cannot  adually  be  meafured,  the  laid 
diftances  are  only  proportional  or  relative,  it 
being  fuppofed  to  be  divided  into  1O0000 
equal  parts  j but  whether  thole  parts  are  miles* 
leagues,  or  any  other  denomination  of  length 
was  not  determined*  The  real  diftances 

mu  ft 
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mud  be  difcovered  by  a parallax  whofe  bale 
is  known. 

The  diameter  of  the  earth  is  the  longeft 
right  line,  whofe  length  we  can  obtain  by 
admeafurement,  and  is  in  general  the  bafe 
ufed  for  determining  the  diftances  of  caeleftial 
objects  by  their  parallax,  which  parallax  is 
found  as  follows. 

Let  ABO,  (fig.  37.)  reprefent  the  earth,  C 
its  center,  and  Z the  zenith  or  point  in  the 
heavens  fituated  perpendicularly  over  the 
point  O at  its  furface.  Then  CH  will  be  the 
rational  horizon,  and  OK  the  fenfible  horizon. 
Suppofe  a fpe&ator  at  C views  a celeftial  ob- 
ject at  Z,  the  revolution  of  the  earth  will  caufe 
it  to  move  apparently  through  the  quadrant 
ZH  in  fix  hours,  at  the  end  of  which  time  he 
will  fee  it  in  the  horizon  at  H.  But  to  a fpec- 
tator  at  O it  will  appear  in  the  horizon  when  at 
K,  paffing  through  the  quadrant  or  right  angle 
ZOK,  in  a time  as  much  lefs  than  fix  hours 
as  the  arc  ZK  is  lefs  than  ZH,  or  90  de- 
grees. Hence  the  time  of  an  objedt’s  palling 
between  the  zenith  and  fenfible  hor-zon  be- 
ing known,  the  angle  OKC,  or  horizontal 

I 4 parallax, 
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parallax,  may  be  found.  For  as  fix  hours  is 
to  90  degrees,  fo  is  the  time  obferved  to  the 
arc  ZK,  which  being  taken  from  90  degrees, 
leaves  the  arc  KH  or  angle  KCIdt,  which  is 
equal  to  OKC,  or  the  horizontal  parallax. 

The  horizontal  parallax  being  difcovered, 
the  difiance  of  the  objedt  follows  by  this  ana- 
logy ; in  the  triangle  OKC. 

As  the  horizontal  parallax,  fine  OKC 
Is  to  the  earth’s  femidiameter  - OC 
So  is  radius  - - fine  90° 

To  the  difiance  - - CK 

The  fixed  fears  have  no  parallax,  either 
horizontal  or  even  annual,  whence  it  follows, 
that  their  difiances  are  beyond  all  comparifon 
greater  than  that  of  the  earth  from  the  fun. 
The  fun’s  parallax  is  fo  exceeding  fmall, 

that  the  befi  inftriiments  in  the  hands  of 
the  moft  ikilful  obfervers,  have  fcarcely  ef- 
fected more  than  to  fhew  that  it  has  one.  To 
remedy  this,  the  horizontal  parallaxes  of  the 
nearer  planets  have  been  attempted,  particu- 
larly of  Mars,  when  in  oppofition  to  the  Sun, 
he  being  then  as  near  again  to  the  Earth  as 
the  Sun  is,  and  has  therefore  a parallax  twice 
as  great.  But  as  this  parallax  is  not  found 

to 
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to  exceed  half  a minute  of  a degree,  the  un* 
avoidable  uncertainty  of  obfervation  and  other 
caufes  render  it  not  fufficiently  exadt  to  de- 
termine the  diftance  within  a 30th  part  of 
the  whole.  It  is  eafy  to  comprehend  how 
the  Sun’s  diftance  may  be  found  when  the 
diftance  of  Mars,  from  the  earth,  in  oppo- 
fition  is  known.  Thus,  if  S,  (fig.  38.)  be 
the  Sun,  E the  Earth,  and  M Mars  in  oppo- 
sition, then  EM  will  be  the  diftance  of  Mars 
from  the  Earth,  and  alfo  the  difference  be- 
tween MS  and  ES,  or  the  refpedtive  diftances 
of  Mars  and  the  Earth  from  the  Sun.  The 
proportional  diftances  are  known.  Therefore, 

As  the  difference  between  the  proportional 
diftances  of  Mars  and  the  Earth  from  the 
Sun, 

Is  to  the  proportional  diftance  of  the  Earth 
from  the  Sun ; 

So  is  the  diftance  between  the  Earth  and 
Mars  in  oppofttion,  or  the  difference  between 
their  real  diftances  from  the  Sun, 

To  the  Earth’s  real  diftance  from  the' Sun. 

Several  other  methods  were  devifed  by  the 
ancients  for  difcovering  the  Sun’s  parallax, 
which,  though  they  fhew  the  fagacity  and 

penetration 
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penetratiort  of  their  inventors,  are  lefs  fuffici* 
ent  for  the  purpofe  than  the  foregoing.  We 
iiiall  therefore  omit  mentioning  them,  and 
give  a fhort  explanation  of  that  for  which  we 
are  indebted  to  the  great  Dr.  Halley,  by 
which  the  folar  diftance  is  determined  with- 
in one  five-hundredth  part  of  the  whole. 

The  planet  Venus,  as  has  been  fhewn, 
pafles  the  Sun  twice  in  revolving  from  any 
pofition  of  elongation  to  the  fame  pofition 
again.  At  thofe  times  (he  is  faid  to  be  in 
conjunction  with  the  Sun. 

When  Venus  is  fituate  in  a line  between 
the  Sun  and  the  Earth,  fhe  is  faid  to  be  in 
her  inferior  conjunction  j and  when  fhe  is  in 
the  oppofite  part  of  her  orbit,  the  Sun  being 
in  a line  between  her  and  the  Earth,  fhe  is 
faid  to  be  in  her  fuperior  conjunction.  If  the 
orbits  of  the  Earth  and  Venus  lay  in  the 
fame  plane,  it  is  evident  that  Venus  would 
pafs  behind  the  Sun  with  a direCt  motion 
every  fuperior  conjunction,  and  would  pafs 
over  his  '*  difc,  or  before  him,  with  a retro- 
grade motion  every  inferior  conjunction.  But 
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£$  Venus’s  orbit  is  inclined  to  the  ecliptic  in 
zn  angle  of  about  37  degrees,  fhe  will  in 
general  pafs  to  the  northward  or  foutliward 
of  the  fun,  and  will  only  be  vifible  on  his 
difc  when  the  inferior  conjunction  falls  out  at 
or  near  one  of  the  nodes.  This  happens  but 
once  (or  fometimes  twice  at  an  interval  of 
about  8 years)  in  more  than  120  years. 

To  lhew  how  this  tranfit  is  applied  to  the 
purpofe  of  finding  the  Sun’s  diftance,  we 
{hall  pafs  over  thofe  elements  which  enter 
into  the  computation  previous  or  fubfequent 
to  aCtual  obfervation,  and  fhall  only  explain 
the  general  principles  on  which  the  method  is 
founded. 

Let  S (fig.  39.)  reprefent  the  Suft,  E the 
earth,  V,  u,  v,  the  planet  Venus  in  different 
pofitions,  the  arc  LN  a part  of  the  Earth’s 
orbit,  and  the  arc  O M a part  of  Venus’s 
orbit.  Then,  becaufe  the  angular  velocities 
of  V enus  and  the  Earth  are  known,  as  alfo 
their  proportional  diftances,  it  will  be  eafy 
to  compute  the  time  Venus  will  be  palling 
through  the  arc  V v,  which  when  viewed 
from  the  Earth  is  equal  to  the  known  diame- 
ter (or  chord)  of  the  Sun  CD5  the  heliocen- 
tric 
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trie  value  or  length  of  the  arc  V v may  like- 
wife  be  readily  found.  Suppofe  then  an 
obferver  at  A on  the  Earth’s  furface  to  view 
the  planet  Venus  at  V,  it  will  appear  juft 
entered  within  the  Sun’s  dife  at  C,  and  paffing 
in  the  arc  V v>  will  appear  to  deferibe  the 
line  C D,  arriving  at  D at  the  end  of  the 
comouted  time.  But  during  this  time  the 
obferver  will,  by  the  Earth’s  diurnal  revolu- 
tion, be  carried  from  A towards  P ; and  arriv- 
ing it  P at  the  fame  infant  that  'Venus  arrives 
at  U,  will  behold  the  tranfit  juft  finifhing  at 
33  1 confequently  it  will  be  of  a duration  as 
much  ftiorter  than  the  computed  Lime,  as  the 
heliocentric  arc  V u is  ftiorter  than  V v.  The 
arc  V v is  known  by  computation,  therefore 
(ftnee  Venus’s  motion  may  in  very  fmall  arcs 
be  reckoned  uniform) 

As  the  computed  time 
Is  to  the  computed  arc  V v. 

So  is  the  obferved  time 
To  the  arc  - - ^u> 

which  being  taken  from  V v,  leaves  the  arc 
«v,  which  fubtends  the  angle  uDv.  This 
laft  angle  is  the  parallax  of  the  bafe  A P ; and 
the  bafe  AP  is  found  by  the  analog) 
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As  one  day  or  24  fours 
Is  to  the  circumfererce  of  the  earth  (or 
parallel  of  latitude) 

So  is  the  obferved  time 
To  the  arc  A P,  whofe  chord  is  the 
bafe. 

Eut  becaufe  the  minuted  errors  in  a bufi- 
nefs  of  this  nature  are  of  very  great  confe- 
quence,  and  becaufe  the  length  of  the  arc 
V v can  fcarcely  be  obtained  by  calculation 
to  that  extreme  degree  of  exadlnefs,  which 
is  requifite,  it  is  advifable  to  take  another 
obfervation  on  the  oppolite  * meridian  of  die 
Earth,  where  the  obferver  being  carried  in  a 
direction  apparently  contrary  to  the  former^ 
the  errors  may  counteract  each  other. 

Let  the  reprefentations  be  as  in  the  latb 
figure.  If  the  Sun  have  declination  at  tha 
time  of  the  tranfit,  B (fig.  40.)  will  repre- 
fent  the  pole  towards  which  the  Sun  declines. 
The  obferver  at  A,  if  at  reft,  would  behold 
the  tranfit  during  the  time  Venus  paffes  from 
'V  to  v,  but  being  by  the  earth’s  diurnal 
revolution  carried  from  A through  the  arc 
AEP  to  P,  and  arriving  at  P at  the  indant  in 

* Videch.  12.  of  this  fe&i  jn. 
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which  Venus  arrires  at  u,  he  will  then  per- 
ceive the  tranfi/  juft  finifhing  at  D ; confe- 
quently  its  duration  will  be  as  much  longer 
than  the  computed  time  as  the  heliocentric 
arc  V u is  longer  than  V v.  V u being  found 
by  the  before-mentioned  analogy,  the  diffe- 
rence between  V u and  V v is  v u,  or  the 
parallax  of  A P,  as  before. 

Nov/,  in  thefe  two  cafes,  a ftmilar  error 
will  have  a contrary  effedt  in  the  firft  to 
that  which  it  has  in  the  latter.  For  if  by 
any  error,  the  computed  arc  V v (fig.  39.) 
be  taken  greater  than  juft,  the  arc  u v,  and 
confequently  the  parallax  will  come  out  too 
great.  But  in  the  latter  obfervation,  if  the 
computed  arc  V v (fig.  40.)  be  taken  greater 
than  juft,  the  arc  v u,  and  confequently  the 
parallax  will  come  out  too  little.  Therefore 
the  mean  between  two  fuch  obfervations 
will  be  much  more  to  be  depended  on  than 
either  fingly. 

By  obfervations  on  the  tranfits  of  Venus 
over  the  Sun  in  the  years  1761  and  1769,  the 
Sun’s  mean  parallax  was  found  to  be  8-^ 
feconds,  and  hence  the  Sun’s  diftance  is  de- 
duced 
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duced  to  be  very  near  1 1 900  diameters  of  the 
earth,  or  81818450  * geographical  miles. 

The  laft  three  articles  in  Chap.  V.  concern- 
ing the  affe&ions  of  the  planets  are  deduced 
from  this  diftance  j for. 

As  the  proportional  diftance  of  the 
earth 

Is  to  its  real  diftance. 

So  is  the  proportional  diftance  of  any  ■ 
other  planet 
To  its  real  diftance. 

CHAP.  VII. 

Of  the  Secondary  Planets. 

THE  fecondary  planets,  as  was  before 
obferved,  are  ten  in  number,  five  of 
which  defcribe  orbits  about  the  planet  Saturn, 
four  about  Jupiter,  and  one  accompanies  the 
Earth.  The  fecondaries  of  Saturn  and  Jupi- 
ter are  obferved  by  the  telefcope,  and  by  their 
motions  in  elongation  to  the  eaftward  or  weft- 
ward  of  their  primaries  is  obtained  the  know- 
ledge of  their  diftances  and  periodical  times, 

* A geographical  mile  is  part  of  a degree  of  the 
earth.  69  \ Eoglifh  miles  make  a degree. 

In 


128  Ajf'effiions  of fecondary  Planets . 


in  the  manner  which  has  been  already  in- 
ftanced  in  the  planet  Venus.  Saturn  is  like- 
wife  attended  by  a phenomenon,  which  to  us 
appears  to  be  a large  broad  ring,  of  no  vifible 
thicknefs.  Its  breadth  is  equal  to  its  diftance 
from  the  body  of  the  planet,  and  its  diame- 
ter is  to  that  of  Saturn  as  9 to  4.  The 
moft  probable  conjecture  is,  that  it  confifts 
of  a vaft  number  of  fateliites,  which  revolve 
in,  and  enlighten  that  region. 

Of  Saturn’s  five  moons,  the  periodical  times 
id  2ih  i9m — 2d  iyh  4 im — 4d  1311  47“ — 13d 
22h  41111 — 79d  2 2h  4im.— Diftances  in  femidia- 
meters  of  the  ring,  1 JLL- — 2^— — 
8-^ — 2 3TVV*  — Of  Jupiter’s  four  moons, 
the  periodical  times,  id  i8h  2jm  34s — 3d  1 3h 
1 3m  42s — 7d  311  42m  36s — i6d  i6h  32m  9s — 
Diftances  in  femidiameters  of  Jupiter 
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All  the  planets,  both  primary  and  fecon- 
dary, receive  their  light  from  the  Sun.  This 
is  evident,  becaufe  that  face  only  is  illumi- 
nated which  is  turned  towards  him,  as  may  be 
more  particularly  feen  in  our  Moon,  a greater 
or  lefs  part  of  which  is  vifible,  according  to  the 
pofition  in  which  we  lie  for  viewing  the 
2 illuminated 
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illuminated  face.  The  fame  varieties  are  feen 
in  the  planets  Mars  and  Venus,  not  to  men- 
tion the  tranfits  of  Venus  and  Mercury  over 
the  Sun,  at  which  time  they  appear  as  black 
-unenlightened  Spots.  The  phafes  of  Jupiter 
and  Saturn  are  always  round  and  full,  be- 
caufe  the  Earth  is  fo  near  the  Sun  in  refpedt 
to  their  distances,  that  their  dark  lide  can 
never  be  fenfibly  turned  towards  us ; yet, 
that  they  are  opake,  is  evident  from  the  dis- 
appearing of  Jupiter’s  moons  when  they  en- 
ter into  his  fhadow : and  though  by  realon 
of  their  vail  diftance  the  like  obfcurations  of 
the  Satellites  of  Saturn  cannot  be  obferved, 
yet  we  can  plainly  fee  that  the  ring  caffs  a 
fhadow  on  his  body  : whence  we  may  be 
certain  of  the  opacity  of  both  : for  if  the 
ring  were  not  opake  it  could  caff  no  fhac^aw, 
and  if  Saturn  fhone  by  any  native  light  of 
his  own,  the  interception  of  the  Sun’s  light 
would  caufe  no  defedf  or  fhadow  on  his 
body.  It  is  unneceffary  to  obferve,  that  the 
earth  and  its  moon  are  illuminated  only  on 
that  part  or  fide  on  which  the  Sun  Paines. 

When  one  planet  intercepts  any  part  of  the 
Sun’s  light  from  another,  the  planet  from 
Vol.  I.  K which 
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which  the  light  is  intercepted  is  faid  to  be 
eclipfed,  if  it  be  a fecondary.  But  if  they 
are  both  primaries,  the  inferior  planet  is  faid 
to  make  a tranfit.  When  the  moon  inter- 
cepts the  Sun’s  light  from  the  Earth,  it  is  ufual 
to  fay  the  Sun  is  eclipfed,  though,  properly 
fpeaking,  it  is  the  Earth  that  is  eclipfed. 

The  fatellites  of  Jupiter,  when  viewed 
from  the  Earth,  do  difappear  in  three  diffe- 
rent manners:  thus,  let  S (fig.  41.)  reprefent 
the  Sun,  E the  Earth  in  its  orbit,  J Jupiter 
and  his  moons : then  the  outermoft  fatellite, 
for  inftance,  will  difappear  on  the  enlightened 
face  of  Jupiter  when  at  its  inferior  conjunc- 
tion M.  It  will  alfo  difappear  at  its  fuperior 
eonjun&ion  N,  being  hid  behind  the  body 
of  the  planet.  And  lafdy,  it  will  difappear 
when  at  O,  being  eclipfed  in  paffing  through 
the  fhadow  of  Jupiter. 

From  thefe  confederations  is  obtained  a 
good  method  of  finding  the  parallax  of  the 
Earth’s  annual  orbit.  For  which  purpofe  the 
inflant  of  the  fatellite’s  firfl  difappearance 
behind  the  body  of  Jupiter  mud  be  carefully  ob- 
ferved,  as  likewife  the  inftantof  its  re-appear- 
ance  : the  middle  inftant  will  be  that  of  the 

fuperior 


Annual  Parallax.  Longitude.  J3* 

fuperior  conjunction  at  N.  Jo  like  mannei, 
find  the  middle-inftant  of  the  eclipfe  at  O, 
and  the  time  the  fatellite  employs  in  paffing 
through  the  arc  N O will  be  known,  and 
confequently  the  angle  NJO.  For, 

As  the  periodical  time  of  the  fatellite 
Is  to  the  time  of  paffing  the  arc  NO, 

So  is  the  whole  orbit  or  360  degrees 
To  the  angle  NJO. 

But  the  angle  NJO  is  equal  to  the  angle 
EjS,  or  the  annual  parallax. 

By  the  obfervations  of  thefe  eclipfes,  the.  , 
difeovery  of  the  longitude  on  ffiore  is  eafily 
obtained,  but  the  violent  motion  of  fhips  at 
fea  prevents  the  ufe  of  telcfcopes  on  board. 
From  thefe  obfervations  it  aifo  appears,  that 
light  is  not  propagated  from  luminous  bodies 
in  an  inftant,  but  paffes  through  a given  fpace 
with  an  affignable  velocity.  This  velocity  is 
inexpreffibly  great,  for  it  paffies  through  the 
whole  diftance  between  the  Sun  and  the  Earth 
in  about  eight  minutes ; that  is  to  fay,  at  the 
rate  of  one  hundred  and  feventy  thoufand 
miles  in  a fecond  of  time  : for  the  periodical 
times  of  the  fitellites  being  known,  it  is  eafy 
to  determine  the  precife  time  of  any  of  their 

K 2 eclipfes. 
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eclipfes.  But  it  is  found  neceffary  to  make 
an  allowance  for  the  pofition  of  the  Earth 
with  refpedl  to  Jupiter,  fince  the  eclipfes  hap- 
pen fooner  when  the  Earth  is  at  F,  (fig  41.) 
in  her  orbit,  than  when  at  a greater  dif- 
tance,  fuppofe  at  E ; and  as  it  is  abfurd  to 
luppofe,  that  the  motion  of  the  Earth  fhould 
influence  the  motions  of  bodies  fo  vaflly 
remote,  it  is  an  opinion  univerfally  received, 
that  the  eclipfes  do  happen  later  when  the 
Earth  is  at  E than  when  at  F,  becaufe  the 
light  mull  in  the  latter  cafe  pafs  through  a 
fpace  as  much  greater  as  the  line  JE  exceeds 

JF- 


CHAP.  VIII. 

Of  the  Moon . 

rpHAT  the  Moon  revolves  round  the  Earth 
is  proved  from  her  apparent  diameter, 
which  continues  at  all  times,  and  in  all  por- 
tions, nearly  of  the  fame  magnitude,  whence 
we  infer,  that  her  diflance  from  the  Earth  is 
nearly  at  all  times  the  fame.  Her  horizon- 
tal 
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tal  parallax,  which  at  a medium  is  about  57', 
/hews  that  /he  is  very  much  nearer  to  us  than 
the  reft  of  the  celeftial  bodies,  and  by  confe- 
quence  much  fmaller. 

The  moft  remarkable  appearance  that 
ftrikes  the  obferver  is  the  continual  change 
of  figure  to  which  the  .Moon  is  fubjedt. 
Sometimes  fhe  appears  perfectly  full  or  cir- 
cular, at  other  times  half  illuminated,  and  at 
other  times  more  or  lefs  than  half ; changing: 
through  a very  great  variety  of  figures. 
Thefe  changes,  which  are  always  the  fame  at 
the  fame  elongation  from  the  Sun,  are  a proof 
that  fhe  receives  her  light  from  him  ; that  fide 
of  the  Moon  only  being  enlightened  which 
faces  the  Sun  5 of  which  enlightened  part  a 
greater  or  lefs  quantity  is  vifible  to  us,  accord- 
ing to  our  polition.  This  cannot  be  better 
illuftrated  than  by  an  ivory  ball,  which  be- 
ing held  in  the  bun  in  various  pofitions,  will 
prefent  a greater  or  lefs  part  of  its  illuminated 
fide  to  the  view  of  the  obferver.  If  it  be 
held  nearly  oppofite,  fo  that  the  eye  of  the 
obferver  be  almoft  between  it  and  the  Sun, 
the  whole  enlightened  fide  will  be  feen.  But 
if  it  be  moved  in  a circular  orbit  towards  tha 

K 3 Sun, 
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Sun,  the  vifible  enlightened  part  will  gradu- 
ally decreafe,  and  at  lad;  difappear  when  the 
ball  is  held  diredtly  towards  the  Sun.  Or, 
to  apply  the  experiment  more' immediately  to 
our  prefent  purpofe ; if  the  ball  at  any  time, 
when  the  Sun  and  Moon  are  both  vifible,  be 
held  diredtly  between  the  eye  of  the  obferver 
and  the  Moon,  that  part  of  the  ball  on  which 
the  Sun  fhines  will  appear  exactly  of  the  fame 
figure  as  the  Moon  itfelf. 

The  Moon’s  path  or  orbit  is  inclined  to 
the  plane  of  the  ecliptic,  in  an  angle  of 
about  five  degrees  and  a quarter.  Her  peri- 
odical revolution  is  performed  in  twenty-feven 
days  and  leven  hours ; but,  becaufe  during 
that  time  the  Sun,  by  his  apparent  motion, 
advances  confiderably  in  the  ecliptic,  a fpace 
of  about  two  days  and  a quarter  is  required 
by  the  Moon  to  overtake  him.  When  the 
Moon  is  in  a line  between  the  Earth  and  the 
Sun,  it  is  called  the  New  Moon ; and  when 
the  Earth  is  in  a line  between  the  Moon  and 
the  Sun,  it  is  called  the  Full  Moon.  The 
time  between  two  fucceeding  full  moons  is 
called  the  fynodical  revolution,  and  exceeds 
the  periodical  revolution,  for  the  rcalon  juft 
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given,  it  being  performed  in  twenty-nine  days 
and  a half.  If  the  new  or  full  Moon  happen 
near  the  node,  an  eclipfe  takes  place ; at  the 
new  Moon,  the  Moon  being  interpofed  be- 
tween the  Sun  and  Earth,  occalions  an  eclipfe 
of  the  Sun  j at  the  full  Moon,  the  Moon  enter- 
ing into  the  fhadow  of  the  Earth,  is  deprived 
of  the  Sun’s  light,  the  Earth  being  interpofed 
between  it  and  the  Sun : this  is  a lunar 
eclipfe,  or  eclipfe  of  the  Moon.  At  other 
times,  that  is,  when  the  new  or  full  Moon 
happens  at  a diftance  from  the  node,  the 
Moon  paffes  too  far  to  the  northward  or  fouth- 
ward  of  the  ecliptic,  either  to  intercept  the 
Sun’s  light  from  the  Earth,  or  to  enter  the 
Earth’s  fhadow,  and  confequently  no  eclipfe 
happens. 

From  obfervations  of  the  Moon’s  angular 
velocity,  parallax  and  apparent  diameter,  it 
is  found,  that  fhe  revolves  round  the  Earth  in 
an  elliptical  orbit,  in  the  focus  of  which  the 
Earth  is  placed  ; and  that  her  velocity  is  fuch, 
that  a radius  joining  her  center  with  that  of 
the  Earth  does  (very  nearly)  defcribe  equal 
areas  in  equal  times. 

Vol.  I.  K 4 
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The  line  of  the  apfides,'  or  principal  dia- 
meter of  the  Moon’s  orbit,  is  not  fixed  or 
* ftationary,  bat  revolves  with  an  irregular 
motion  from  weft  to  eaft;  completing  one 
revolution  in  almoft  nine  years. 

The  line  of  the  nodes  is  like  wife  fubjedt  to 
an  irregular  motion  from  eaft  to  weft,  which 
is  completed  in  almoft  nineteen  years. 

The  variation  of  the  Moon’s  motion  in  any 
part  of  her  orbit  is  the  difference  between  her 
real  motion  and  that  which  fhe  would  have 
had,  provided  fhe  defcribed  equal  areas  in 
equal  times.  This  is  governed  chiefly  by 
her  elongation  from  the  Sun.  During  the 
firft  quarter  of  her  motion  fine  lofes  fome- 
thing  of  her  fwiftnefs ; in  her  fecond  quarter, 
from  the  quadrature  to  the  oppofition  or  full 
Moon,  fhe  increafes  in  velocity  $ in  her  third 
quarter,  from  the  oppofition  to  the  la  ft 
quadrature,  fine  again  lofes  part  of  her 
motion ; and  from  that  quadrature  to  the 
conjundtion,  her  velocity  is  again  increaf- 
ed.  The  quantity  of  angular  motion  loft 
exceeds  the  quantity  gained  : Therefore  the 
whole  periodical  revolution  is  performed  in  a 

longer 
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longer  rime  than  would  be  required  if  the 
Moon  was  fubjed  to  no  fuch  variation,  but 
defcribed  equal  areas  in  equal  times.- 

This  variation,  and  confequently  the  retar- 
dation of  the  periodical  time  is  greater  when 
the  Earth  is  in  the  perihelium,  and  lefs  when 
the  Earth  is  in  the  aphelium  : whence  it  is, 
that  all  her  revolutions  are  not  equal ; they 
being  performed  in  lefs  time  in  the  latter  fitu- 
ation  than  in  the  former. 

Gn  all  thefe  feveral  accounts,  the  determi- 
nation of  the  Moon’s  place  in  the  heavens  for 
a given  inftant  of  time  has  ever  been  a pro- 
blem of  great  difficulty,  which  till  of  late  years 
has  not  been  folved  to  any  confiderable  degree 
of  exadnefs.  Within  the  laft  twenty  years 
the  commiffioners  appointed  by  the  Englifh 
government  for  the  difcovery  of  the  longitude 
have  particularly  attended  to  this  branch  of 
aftronomy,  and  by  publishing  almanacs  in 
which  the  Moon’s  elongation  from  the  Sun, 
and  from  certain  fixed  Ears,  is  afcertained  for 
every  three  hours,  have  enabled  navigators  to 
determine  the  fituation  of  fhips  at  fea  in  ge- 
neral within  thirty  miles  of  the  truth.  This 

J <%•*'»•  1 . . d * 
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is  an  advantage  of  Angular  ufe  in  long  voy- 
ages, and  is  at  prefent  much  ufC(J  in  the  royal 
navy,  and  Eaft  India  Company’s  drips. 


CHAP.  IX. 

Of  Comets  ; and  of  the  Proportion  of  Light 
and  Heat  on  the  Planets. 

BESIDES  the  fix  primary  planets,  and 
their  moons  or  attendants,  there  is 
obferved  a peculiar  kind  of  erratic  bodies, 
which  are  called  Comets.  Thefe  appear 
occaAonally  in  every  part  of  the  heavens,  and 
move  in  very  long  ellipfes,  in  the  lower  focus 
of  which  is  the  Sun.  By  obfervations  of 
parallax  it  is  found,  that  at  their  Arft  appear- 
ance they  are  nearer  to  us  than  Jupiter: 
whence  it  is  concluded,  that  they  are  much 
lefs  than  him ; for  if  they  were  as  large  as 
Saturn  they  would  be  feen  as  far  off. 

The  orbits  of  the  comets  are  inclined  to 
the  plane  of  the  ecliptic  in  very  large  angles; 
therefore,  except  when  at  or  near  their  nodes, 
they  are  in  general  too  far  north  or  fouth  of 

the 
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the  planetary  orbits  to  endanger  the  fyftem 
by  any  thock  or  occurfton  againft  the  planets. 

When  a comet  arrives  within  a certain  dif. 
tance  of  the  Sun,  it  emits  a fume  or  vapour, 
which  is  called  its  tail.  This  fhews  that 
they  are  confiderably  more  rare  and  volatile 
than  the  Earth ; for  the  tail  begins  to  appear 
while  they  are  yet  in  a higher  and  confe- 
quently  colder  region  than  Mars.  The  tail 
is  always  directed  to  that  part  of  the  heavens 
which  is  direcftly  or  nearly  oppolite  to  the 
Sun ; and  is  greater  after  the  comet  has  paft 
its  perihelium  than  during  its  approach  to- 
wards it,  being  greateft  of  all  at  the  time 
when  it  h?.s  juft  paft  the  perihelium. 

That  part  of  a comet’s  orbit  which  comes 
i under  our  obfervation  is  fo  fmall  in  propor- 
il  tion  to  the  whole,  that  in  moft  it  does  not 
fenfibly  differ  from  a parabola  : therefore  the 
dimenfons  of  their  orbits  and  periodical  times 
Gi  cannot  be  thence  determined  with  any  ,de- 
::  gree  of  precifion.  But  from  the  re-appearance 
of  comets  after  long  intervals  of  time  in  the 
I fame  region  of  the  heavens,  and  moving  in 
the  fame  curve,  there  is  the  higheft  reafon 
to  conclude  that  they  do  revolve  about  the 

Sun 
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Sun  in  very  long  or  eccentric  ellipfes ; being 
governed  by  the  fame  law  of  defcribing  equal 
areas  in  equal  times,  which  we  find  to  obtain 
in  the  inferior  part  of  their  orbits.  The  comet 
which  appeared  in  the  year  1 66 1 was  feen 
before  in  the  fame  orbit,  and  under  the  fame 
circumftances  (fig.  42.)  in  the  year  1532; 
which  fhews  its  period  to  be  129  years  : if  it 
re-appears  in  the  year  1790,  its  identity  will 
be  yet  further  confirmed.  In  like  manner, 
the  comet  which  appeared  in  the  year  1531, 
1607,  1682,  and  1759,  is  determined  to 
revolve  in  a period  of  about  feventy-fix  years. 
And  that  very  remarkable  comet  which  was 
obferved  in  the  year  1680,  is  fhewn  to  be  the 
fame  with  that  which  appeared  in  the  year 
1106;  its  period  being  575  years.  The  dif- 
tace  of  this  comet  from  the  Sun,  when  in  its 
perihelium,  was  to  the  diftance  of  the  Earth 
from  the  fame,  in  round  numbers,  as  6 
to  1 oqo  : its  heat  therefore  at  that  time  was 
to  the  heat  of  the  fummer’s  fun  with  us  as 
1000000  to  36,  or  as  28000  to  1.  But  the 
heat  of  boiling  water  is  about  three  times 
the  heat  which  dry  earth  acquires  from  the 
fummer’s  fun  ; and  the  heat  of  red-hot  iron 

may 
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may  be  about  3 or  4 times  as  great  as  that  of 
boiling  water.  And  therefore,  the  heat  which 
the  Comet  acquired,  fuppofing  it  to  be  com- 
pofed  of  dry  earth,  was  about  2000  times 
greater  than  that  of  red-hot  iron.  By  fo 
fierce  a heat,  there  is  no  doubt  but  vapours, 
exhalations,  and  every  volatile  matter  mud 
have  been  immediately  confumed  and  dif- 
fipated. 

Comets  when  viewed  by  means  of  the  te- 
lefcope,  have  the  appearance  of  maffes  of  ig- 
nited matter.  In  fome  the  difc  is  well  defined, 
and  of  an  uniform  colour,  in  others  rough, 
broken  and  dufky.  But  thefe  characters  are 
not  uniform  in  the  fame  comet  : as  they  ap- 
proach the  Sun  they  grow  more  ignited  and 
luminous,  and  on  their  recefs  they  feern  to 
cool,  and  fometimes  crack  into  pieces,  fome 
of  which  lofe  their  brightnefs  fooner  than 
others.  In  all  fituations  a comet  appears, 
even  to  the  naked  eye,  very  different  from  any 
celeflial  body.  Neither  the  fparkling  vivacity 
of  the  fixed  liars,  nor  the  Heady  ferene  light 
of  the  planets  are  to  be  obferved,  but  a pe- 
culiarity of  appearance  that  would  render 
3 them 
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them  very  diftinguifhable,  even  if  their  tails 
were  wanting. 

The  number  of  the  comets  'does  much 
exceed  that  of  the  planets.  Within  the 
four  lad;  centuries,  about  25  have  been  ob- 
ferved,  whofe  orbits  are  for  the  moft  part 
fufficiently  afcertained  to  enable  future  astro- 
nomers to  know  them  again.  But  we  have 

reafon  to  believe,  that  many  others  have 

\ 

appeared  during  that  time  without  being 
noticed. 

That  laudable  curiofity  v/hich  prompts  the 

human  mind  to  fearch  into  the  works  of 

nature,  is  not  fatisfied  with  the  bare  relation 

♦ 

of  fadts.  Convinced,  almoft  intuitively,  of  the 
wifdom  of  the  Supreme  Intelligence,  we 
are  continuHly  drawing  inferences  which  lead 
to  the  final  caufes  of  things.  For  example, 
we  are  not  fatisfied  in  knowing  that  trees  do 
vegetate : the  mere  knowledge  is  of  little  im- 
portance without  an  attention  to  the  final 
caufe.  For  what  purpofe  do  they  vegetate 
is  naturally  demanded  ? — To  promote  the 
evaporation  of  fluids  from  the  lower  part  of 
the  Earth’s  furface  to  which  the  rain  may 

foak,  but  where  the  efledt  of  the  Sun  is  fcarce 

perceived 
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perceived to  afford  an  afylum  to  the  fea- 

thered race,  and  a fhade  to  terreftrial  ani- 
mals  to  fupply  food  for  a variety  of  crea- 

tures, &c.  &c.  This  mode  of  enquiry  is 
adopted  without  any  fufpicion  that  it  may 
be  poffible  for  things  to  exift  without  any 
final  purpofe.  So  far  are  we  from  admitting 
any  fuch  doubt,  that,  when  the  final  caufe  of 
any  particular  phenomenon  is  not  obvious, 
we  never  fail  to  conclude  that  it  is  nndifcover - 
ed,  and  not  that  no  fuch  caufe  exifts ; for  the 
exiflence  of  a final  caufe  is  always  taken  for 
granted.  That  fuch  proceeding  is  juftifiable 
might  be  eafily  proved,  but  fince  it  never 
was  doubted  but  by  a few  who  had  deceived 
themfelves  by  * metaphyfical  reafoning  on 

* The  objects  of  metaphyfical  enquiry  being  very  ab- 
ftra&ed,  and,  in  many  inftances,  not  determinable  for 
want  of  firft  principles,  it  has  feldom  happened  that 
writers  have  kept  their  imaginations  fubfervient  to  their 
reafon.  Falfe  axioms  and  fimilies  are  ufed  inftead  of 
logical  argumentation,  and  error  has  been  admitted  on  all 
fides.  It  is  much  to  be  regretted,  that  this  moft  fublime 
fcience  Ihould  ftill  remain  in  the  infant  ftate  in  which 
it  was  left  by  the  great  Locke. 
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falfe  principles,  it  is  unneceffary  in  this  place 
to  attend  to  it. 

On  this  ground,  an  enquiry  into  the  final 
caufes  of  the  planetary  bodies  offers  itfelf  to 
us*  The  Earth  is  fhewn  to  be  a planet  in  cir- 
cumftances  very  fimilar  to  the  other  fiv^ : 
we  know  its  final  caufe — to  fupport  a number 
of  inhabitants.  And  by  analogy,  we  may 
eafily  conclude,  that  the  others  are  alfo  ha- 
bitable worlds  ; though  from  their  different 
proportions  of  heat  it  is  credible,  that  be- 
ings of  our  make  and  temperature  could  not 
live  upon  them.  Yet  it  would  be  rather  pre- 
mature to  affirm  even  that ; for  the  warmeft 
climate  on  the  planet  Mars  is  not  colder 
than  many  parts  of  Norway,  or  Lapland  are 
in  the  fpring  or  autumn.  Jupiter  and  Sa- 
turn, it  muif  be  granted,  are  colder  than  any 
of  the  inhabited  parts  of  our  globe.  The  great- 
eft  heat  on  the  planet  Venus,  exceeds  the 
heat  in  the  ifland  of  St.  Thomas  on  the  coaft 
of  Guinea,  or  Sumatra,  in  the  Eaft  Indies, 
about  as  much  as  the  heat  in  thofe  places 
exceeds  that  of  the  Orkney  iflands,  or  that  of 
the  city  of  Stockholm  in  Sweden  : therefore, 
at  60  degrees  north  latitude  on  that  planet, 

fup- 
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(uppdfing  its  axis  perpendicular  to  the  plane 
of  its  orbit,  the  heat  would  not  exceed  the 
greated  heat  of  the  Earth,  and  of  courfe, 
vegetation  like  ours' might  be  there  carried 
on,  and  animals  of  the  fpecies  oil  Earth  might 
fubfift.  If  Mercury’s  axis  be  fuppofed  to 
have  a like  pofition,  a circle  round  each  pole 
of  about  20  degrees  diameter  would  enjoy  the 
fame  temperature  as  the  warmer  regions  of 
the  Earth,  though  in  his  hotted  climate  water 
would  continually  boil,  and  mod  inflammable 
fubdances  would  be  parched  up,  dedroyed, 
or  diffipated  into  vapor.  But  it  is  not  at  all 
neceffary  that  the  planets  fhould  be  peopled 
with  animals  like  thofe  on  the  Earth,  the 
Creator  has  doubtlefs  adapted  the  inhabitants 
of  each  to  their  fituation. 

From  what  has  been  jud  faid,  a better  idea 
may  be  formed  of  the  proportions  of  heat  on 
the  planets  than  can  be  conveyed  by  numbers. 
It  will  not  be  from  the  purpofe  to  compare 
the  light  of  the  fuperior  planets  with  that  of 
our  day,  from  whence  it  will  appear,  that 
though  fo  remote  from  the  Sun,  they  are  by 
no  means  in  a date  of  darknefs.  This  might 
be  indanced  by  feveral  different  methods, 
VoL.  I.  L 
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as  by  the  Sun’s  light  admitted  into  a dark 
chamber,  and  received  on  paper  with  different 
degrees  of  obliquity;  by  a greater  or  lefs 
number  of  candles  brought  into  a room  for 
the  purpofe  of  illuminating  it  with  different 
proportions  of  light ; or  by  various  optical 
methods  : but  we  fhall  not  enlarge  upon  them. 
It  will  be  fufficient  for  the  illuftration  of  the 
fubjedt  to  compare  their  different  proportions 
of  light  with  that  of  amoonfhine  night,  at  the 
time  of  the  full. 

When  the  moon  is  vifible  in  the  day  time, 
its  light  is  fo  nearly  equal  to  that  of  the  lighter 
thin  clouds,  that  it  is  with  difficulty  diftin- 
guithed  amongft  them.  Its  light  continues 
the  fame  in  the  night ; but  the  abfence  of  the 
Sun,  buffering  the  aperture  or  pupil  of  the 
eye  to  dilate  itfelf,  renders  it  more  confpicu- 
ous.  Confequently,  if  every  part  of  the  {kv 
were  equally  luminous  with  the  Moon’s  dife, 
the  light  arifing  from  thence  would  be  the 
fame  as  if,  in  the  day  time,  it  were  covered 
with  the  thin  clouds  above-mentioned. 
Therefore,  this  day-light  is  in  proportion  to 
that  of  the  Moon,  as  the  whole  furface  of 
the  Iky  or  vifible  hemifphere  is  to  the  lurface 
1 of 
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Of  the  Moon ; that  is  to  fay,  nearly  as 
90,000  to  1.  The  light  of  Saturn  is  to  that 
of  the  Earth  as  1 to  100,  and  of  courfe 
equal  to  that  of  990  full  Moons  : Jupiter’s 
day  will  equal  the  light  of  2775  Moons,  and 
that  of  Mars  will  require  38,70®,  a num- 
ber fo  great,  that  they  would  almolt  touch 
one  another.  It  is  even  probable,  that  the 
Comets,  in  the  mod:  diflant  parts  of  their 
orbits,  enjoy  a degree  of  light  much  ex- 
ceeding moonfhine. 

If  the  Comets  are  habitable,  it  is  in  a 
manner  of  which  we  can  form  no  concep- 
tion. There  are  many  other  ufes  for  which 
it  is  probable  they  may  have  been  formed  ; 
the  fluid  vapor  or  fleam,  of  which  their  tails 
are  compofed,  may  be  de dined  to  recruit 
the  wafle  of  fluid  which  happens  on  the 
planetary  bodies  : for  there  is  great  reafon 
to  fufped,  that  in  vegetation  and  other  pre- 
cedes of  nature,  water  is  tranfmuted  into 
j earth.  Or  they  may  ferve  to  recruit  the 
wafle  of  matter  which  the  Sun  mufl  fuffer' 
\ by  fo  conflant  an  emiffion  of  the  particles 
] ^ light.  After  a great  number  of  revolutions, 
I . E 2 the 
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the  refiftance  of  the  Sun’s  atmofphere,  and 
a concurrence  of  circumftancfes  mayoccafion 
them  to  approach  the  Sun,  and  at  length  fall 
into  'it,  and  become  a part  of  its  body. 


CHAP.  X. 


Of  the  Telefcopic  Appearance  of  the  Moon . 

HYPOTHESES  or  conjectures  are  only 
allowable  in  natural  philofophy,  when 
for  want  of  experiment  or  obfervation,  a lefs 
fallible  mode  of  proceeding  cannot  be  adopted. 
They  are  of  ufe  chiefly  to  point  out  the 
feries  of  enquiries  neceffary  to  enable  the 
philofopher  to  confirm  or  rejeCt  them  ; till 
thofe  enquiries  are  made,  care  muft  be  had 
not  to  admit  them  for  more  than  their  real 
value.  The  very  plaufible  hypothefes  of  the 
philofophers  who  preceded  the  immortal 
Newton,  were  received  for  a time,  but  not 
being  founded  on  a conftant  recurrence  to 
phenomena,  they  are  now  no  longer  remem- 
bered, but  as  proofs,  that  the  greatefl  human 

underftanding  is  unequal  to  the  talk  of  de- 
^ ducing 
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during  the  appearances  of  nature  by  argu- 
ments d priori*. 

The  obfervations  which  might  confirm  the 
hypothefis  of  planetary  worlds  feem  to  be 
placed  beyond  our  power.  We  can  fcarce 
hope  to  make  optical  infiruments  fufficiently 
perfedt  to  render  their  inhabitants  vifible  to 
us.  The  grofs  air  with  which  we  are  furround- 
ed,  is  a great  impediment  to  the  ufe  of 
thofe  we  already  poflefs,  and  limits  their  per- 
\ fedtion  to  a certain  degree,  beyond  which  we 

* Arguments  a priori  are  deductions  from  the  caufe 
to  the  effect;  Arguments  a pojleriori  are  from  the  effect 
to  the  caufe.  Thefe  are  alfo  dillinguifhed  by  the  names 
Synthefis  and  Analyfis.  If  knowledge  be  obtained  from 
without,  as  doubtlefs  it  is,  it  mull  be  obtained  by  the 
latter  method ; for  we  perceive  only  effects  from  which 
we  infer  their  caufes.  Contrary  to  this  is  the  method  of 
DesCartes  ex  ipftus  Dei  Cognitions,  fcientiam  perfeRiJfimam „ 
*u*  effe^um  per  caufas , acquirere.  Prin.  lib.  11.  But 
when  we  have  obtained  the  caufes  of  things  by  Analyfis, 
the  Synthetical  method  is  very  ufeful  for  pointing  out  their 
e-neds  : as  for  example,  when  we  have  allured  ourfelves  that 
tne  cauie  or  principle  which  we  call  gravity  does  exift,  we 
may  fynthetically  difeover  its  effefts  on  projediles,  &c. 
thrown  in  all  the  poffible  varieties  of  force  and  direction 
without  having  recourfe  to  that  infinity  of  experiments 
Which  the  analytical  proof  would  require. 

f L s 
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cannot  pafs.  All,  therefore,  that  we  can  do> 
is  to  examine  if  the  planets  are  accommodated 
with  thofe  things  which  we  are  ufed  to  con- 
fider  as  necefiary  to  animal  existence.  Lands! 
feas,  clouds,  vapours,  and  an  atmofphere  or 
body  of  air,  are  objects  which  we  may  ex- 
pert to  find  on  the  face  of  a habitable  world  : 
what  has  been  done  in  this  refped,  it  is  our 
prefect  bufinefs  to  relate. 

The  Moon  being  fo  very  near  to  us,  and 
like  wife  in  the  fame  temperature  as  to  light 
and  heat,  offers  itfelf  as  the  fitted  body  for 
examination.  We  difcern  a variety  of  Spots 
with  the  naked  eye,  which  the  imagination 
naturally  fuppofes  to  be  feas,  continents,  and 
the  like,  but  on  a more  accurate  infpedion, 
with  the  affifbance  of  the  telefcope,  we  per- 
ceive that  many  of  thofe  appearances  are  oc- 
casioned by  vaft  obfcure  pits  or  cavities,  and 
elevations  or  mountains.  The  heights  of 
thefe  mountains  may  eafily  be  found ; for 
by  the  horizontal  parallax  we  know  the 
Moon’s  mean  distance  from  the  Earth  is 
about  60  femidiameters  of  the  Earth,  and 
Jier  mean  apparent  diameter  is  32'  12',  whence 
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by  plane  trigonometry,  her  real  diameter  is 
to  that  of  the  earth,  as  100  to  365  : There- 
fore, if  we  find  the  proportion  the  height  of 
a lunar  mountain  bears  to  the  Moon’s  diame- 
ter, we  can  readily  find  the  quantity  of  that 
height  in  miles  or  other  terreftrial  dimenfions. 


Thefe  mountains  and  cavities  are  known 
to  be  fuch  from  their  fhadows.  In  the  firfl 
and  fecond  quarters,  when  the  Sun  fhines 
obliquely  on  the  face  of  the  Moon,  the  ele- 
vated parts  call  a triangular  fhadow  in  the 
direction  from  the  Sun  ; and,  on  the  contrary, 
the  cavities  are  dark  on  the  fide  next  the 
Sun,  and  illuminated  on  the  oppofite  fide. 
Thefe  fhadows  fhorten  as  the  Sun  becomes 
more  dire&ly  oppofed  to  the  anterior  face 
of  the  Moon,  and  at  length  difappear  at  the 
time  of  the  full.  During  the  third  and  laft 
quarters,  the  fhadows  appear  again,  but  all 
fall  towards  the  contrary  fide  of  the  Moon, 
though  ftill  with  thefame  diftin&ion  ; namely, 
i that  the  mountains  are  dark  and  fhady  on  the 


fide  furthefb  from  the  Sun,  and  the  pits  are 
dark  on  the  fide  next  the  Sun.  This  ap-> 
pears  likewife  by  contemplating  the  inner 
illuminated  edge  of  the  Moon.  If  the 


Moon 
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Moon  were  an  uniformly  plain  fphere,  this 
edge  would  be  a regular  curve,  but  if  it  be 
compofed  of  hills  and  cavities,  it  is  evident 
that  the  higher  parts  muft  be  enlightened 
fooner,  and  the  cavities  later  than  the  reft  of 
the  furface.  This  is  accordingly  the  cafe, 
and  affords  a method  of  obtaining  the  heights 
of  the  mountains. 

To  render  the  explanation  eafier,  we  fhall 
' fuppofe  the  Moon  to  be  in  her  quadrature, 

and  the  mountain  to  be  fituate  at  an  equal 

$ 

diftance  from  her  poles,  that  is,  at  her 
equator. 

Let  the  circle  ABDG,  (fig.  43.)  reprefent 
the  Moon,  whofe  center  is  C ; and  E the 
Earth.  Then  a fpeclator  at  E will  fee  the 
Moon  enlightened  in  the  half  AGD,  and  the 
line  EC  will  pafs  through  A,  or  the  inner 
enlightened  edge.  The  ray  of  light  SAB 
touching  the  Moon  at  A,  will  crofs  the  line 
EC  at  right  angles,  and’  illuminate  the  top 

of  the  mountain  B.  The  angle  AEB  is  found 
by  obfervation,  then,  in  the  triangle  AEB. 

As  radius 

Is  to  the  Moon’s  diftance  BE, 

So  is  the  fine  of  the  obferved  angle  AEB, 
To  the  fide  or  line  - - AB. 

Theq 
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Then  in  the  right  angled  triangle  CAB, 
the  Tides  CA  and  AB  being  known,  the  Tide 
CB  is  found  from  the  well  known  property 
(47.  e.  1.)  that  is  to  fay,  the  fquare  of  the 
Moon’s  femidiameter  CA  being  added  to  the 
fquare  of  the  line  AB,  the  fquare  root  of  the 
futn  is  the  fide  CB.  And  if  the  femidiameter  * 
of  the  Moon  CF  be  taken  from  the  line  CB, 
the  remainder  is  FB,  or  the  height  of  the 
mountain. 

i ' 

From  obfervations  of  this  kind,  it  appears 
that  the  lunar  mountains  are  much  higher 
in  proportion  than  any  we  have  upon  the 
Earth. 

That  the  Moon  is  furrounded  by  an  at- 
mofphere or  body  of  air,  is  rendered  probable 
by  many  obfervations  of  folar  eclipfes,  in 


which  the  limb  or  edge  of  the  Sun  was 
obferved  to  tremble  juft  before  the  beginning. 
The  planets  likewife  are  obferved  to  change 
their  figure  from  round  to  oval  juft  before  the 


beginning  of  an  occultation  behind  the  Moon; 
which  can  be  attributed  to  no  other  caufe,  than 
that  their  fight  is  refradted,  being  feen  through 
the  Moon’s  atmofphere.  Many  aftronomers 
are  of  opinion,  that  the  Moon  has  no  at- 

mofphere, 
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mofphere,  becaufe  we  fee  no  clouds,  and  be- 
caufe  the  fixed  ftars  difappear  at  once  at  the 
time  of  an  occultation  without  any  gradual 
diminution  of  light,  which  they  fuppofe 
ought  to  take  place.  But  if  we  confider  the 
effiedt  of  days  and  nights  near  thirty  times 
as  long  as  with  us,  we  may  readily  grant  that 
the  phenomena  of  vapours  and  meteors  may 
be  very  different : perhaps  their  clouds  and 
rain,  if  any,  may  be  condenfed  into  vifible 
quantities,  only  during  the  abfence  of  the 
Sun,  and  if  fo,  it  is  no  wonder  that  we  never 
fee  them.  With  refpedt  to  the  fixed  ftars,  it 
is  plain,  that  granting  the  Moon  to  have  an 
atmofphere  of  the  fame  nature  and  quantity 
as  ours,  no  fuch  effedt  as  a gradual  diminu- 
tion of  light  ought  to  take  place,  at  leaft  as 
to  fenfe.  Our  atmofphere  is  found  to  be  fo 
rare  at  the  height  of  44  miles,  as  to  be  in- 
capable of  adting  on  the  rays  of  light.  This 
height  is  the  180th  part  of  the  Earth’s  di- 
ameter; but  fince  clouds  are  never  obferved 
■ 

higher  than  four  miles,  we  muft  conclude, 
that  the  vapourous  or  obfcure  part  is  but  the 
1980th  part.  The  mean  apparent  diameter 
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pf  the  Moon  is  32'  12",  or  1932  fecondsj 
therefore,  the  obfcure  part  of  her  atmofphere, 
when  viewed  from  the  Earth,  muft  fubtend 
an  angle  of  lefs  than  1 fecond,  which  fpace 
js  pafted  over  by  the  Moon  in  lefs  than  2 te- 
conds  of  time;  a fpace  and  time  fo  fhort, 
that  it  can  hardly  be  expedted  that  obferva- 
: tion  can  determine  whether  the  fuppoled 

pbfcu ration  takes  place  or  not. 

The  Moon  turns  round  on  her  own  axis 
once  in  the  time  of  her  periodical  revolution. 
This  is  evident,  becaufe  the  fame  face  or  fide 
is  conftantly  turned  towards  us.  For  a fpec- 
tator  on  the  Moon  will  fee  the  Earth  carried 
through  every  part  of  the  ecliptic  in  the 
courfe  of  one  revolution,  and  as  the  fame 
face  of  the  Moon  is  conftantly  turned  to- 
wards the  Earth,  it  muft  be  fucceflively 
turned  to  every  part  of  the  ecliptic  to  which 
the  Earth  apparently  moves.  But  if  it  befuc- 
ceflively  turned  to  every  part  of  a great  circle 
in  the  heavens,  it  muft  revolve  on  its  axis. 
By  this  flow  rotation,  it  appears,  that  the  in- 
habitants of  the  Moon  have  but  one  day  and 
ill  flight  in  the  courfe  of  a month. 


This 
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This  rotation  on  its  axis  is  the  only  uniform 
motion  the  Moon  has ; but  its  uniformity 
occafions  a feeming  irregularity,  which  is 
termed  her  libration.  For  as  the  Moon’s 
motion  in  her  orbit  was  fhewn  to  be  not 
uniform,  the  effedfl  it  has  in  turning  her  face 
from  the  Earth  is  likewife  fubjedt  to  the  fame 
irregularities.  For  in  fiance,  in  the  fwifteft  part 
< of  her  revolution,  her  motion  in  her  orbit 

t 

turns  her  face  from  the  Earth  fomething  more 
than  her  rotation  on  her  axis  turns  it  the  other 
way,  and  therefore  fine  appears  to  have  a fmall 
motion  on  her  axis  towards  the  eaft,  by  which 
fotne  of  the  more  weflern  parts  are  brought 
into  view,  and  an  equal  quantity  of  her 
eaflern  limb  difappears.  In  the  flower  part 
the  contrary  is  feen,  for  then  the  rotation  on 

her  axis  prevailing,  brings  the  weftern  parts 

\ 

into  view,  and  the  eaflern  difappear.  This 
is  called  libration  in  longitude. 

There  is  another  kind  of  libration  which 
arifes  from  the  Moon’s  axis  being  inclined  to 
the  plane  of  her  orbit,  by  which  means  fome- 
times  one  of  her  poles,  and  lometimes  the 
other,  is  inclined  towards  the  Earth.  In 

confer 
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eonfequence  of  this  we  fee  more  or  lefs  of 
her  polar  regions  at  different  times.  This  is 
called  libration  in  latitude. 


CHAP.  II. 

Of  the  Telefcopic  appearances  of  the  Sun  and 

the  P/anets. 

TH  E Sun  is  not  without  fpots  on  his 
difc,  but  they  are  feldom  fo  large  as 
to  be  feen  by  the  naked  eye.  When  viewed 
with  a telefcope,  the  eye  being  defended  by 
a piece  of  coloured  or  fmoked  glafs,  they 
are  found  to  appear  in  various  forms  and 
numbers.  The  larger  fpots,  fome  of  which 
exceed  the  bulk  of  the  whole  Earth,  laft  a 
confiderable  time,  fometimes  three  months, 
before  they  difappear,  at  which  time  they 
are  generally  converted  into  faculs,  or  fpots 
which  exceed  the  reft  of  the  Sun  in  bright- 
nefs.  They  are  of  no  conftant  figure,  fre- 
quently changing  during  the  time  of  obfer- 
vation,  and  fometimes  one  dividing  into  fe- 
veral  fmaller  ones.  In  general  they  confift 

of 
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t)f  a nucleus  or  central  part,  much  darker 
than  the  reft,  which  is  furrounded  by  a mifti- 
nefs,  or  fmoke.  The  moft  probable  opinion 
concerning  them,  is,  that  they  are  occasioned 
by  the  fmoke  and  opake  matter  thrown  out 
by  volcanos  or  burning  mountains  of  immenfe 
magnitude,  and  that  when  the  eruption  is 
nearly  ended,  and  the  fmoke  diftipated,  the 
fierce  flames  are  expofed,  and  appear  as  fa- 
culas,  or  luminous  Spots.  At  prefent  (anno 
1779)  they  are  often  Seen  to  the  number  of 
thirty  or  more,  but  there  have  been  periods 
of  more  than  Seven  years,  in  which  none  have 
been  obferved. 

All  the  Spots  of  the  Sun  have  an  apparent 
motion  from  eaft  to  weft,  which  is  quicker 
when  they  are  near  the  central  regions  than 
when  near  the  limb.  This  proves  that  the 
Sun  is  a globe,  and  likewife  that  he  revolves 
on  his  axis  from  weft  to  eaft.  The  period 
is  obferved  to  be  about  27  days.  From  the 
line  of  the  motion  of  the  Spots,  which  is 
Sometimes  ftrait,  but  oftener  curved  or  ellip- 
tical, it  is  discovered  that  his  axis  is  not 

perpendicular  to  the  ecliptic,  but  inclined.  So 

x as 
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as  to  make  an  angle  with  the  perpendicular 
of  about  feven  degrees. 

If  the  Sun  be  an  ignited  body,  as  we  may 
reafonably  infer  from  analogy,  there  can  be 
little  doubt  but  that  it  is  environed  with  a very 
denfe  atmofphere.  It  has  been  fuppofed  that 
this  atmofphere  is  the  caufe  of  the  afeent 
of  the  vapor  which  forms  the  tails  of  comets, 
and  which  is  always  carried  to  that  part  of 

the  heavens  which  is  oppofite  the  Sun.  But 

/ \ 

the  diredtion  of  thefe  vapors  may  perhaps  be 
determined  by  the  action  of  the  particles  of 
light  by  which  they  are  propelled,  and  if  fo, 
the  fuppofition  of  fo  extenlive  an  atmof- 
phere about  the  Sun  is  avoided. 

The  planet  Mercury  is  at  all  times  fo 
near  the  Sun,  that  we  can  only  diflinguifh 
with  the  telefcope  a variation  in  his  figure, 
which  is  fometimes  that  of  a half  Moon, 
and  fometimes  a little  more  or  lefs  than 
half.  Whence  we  infer  that  his  form  is 
globular,  and  that  he  receives  all  his  light 
from  the  Sun. 

The  planet  Venus,  when  viewed  through 
the  telefcope,  has  a very  pleafing  appear- 
ance. 
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ance.  At  the  time  of  her  greatest  elonga- 
tion flie  appears  like  the  Moon  in  the  qua- 
dratures, one  half  of  her  difc  being  en- 
lightened. In  the  inferior  part  of  her  orbit 
as  her  elongation  decreafes,  the  enlightened 
part  becomes  lefs,  appearing  falcated  or  horn- 
ed : after  paffing  the  inferior  conjunction, 
die  is  again  feen  horned,  but  the  illuminated 
part  then  increafes,  and  at  the  greateft  elon- 
gation, half  her  difc  is  again  feen  enlightened. 
In  the  fuperior  part  of  her  orbit,  as  her  elon- 
gation decreafes,  her  face  becomes  more  full 
£> 

and  round,  till  the  fuperior  conjunction, 
after  which  time  fhe  again  diminifhes  by  the 
fame  gradation  as  her  increafe  was  in  the 
former  cafe  accomplifhed.  There  is  no 
difficulty  in  accounting  for  this  variety  of 
phafes,  it  being  occafioned  by  the  different 
pofitions  of  Venus  with  refpeCt  to  the  Sun 
and  Earth  : for  as  the  enlightened  face  of 

Venus  muff  of  courfe  be  always  oppofite 
to  or  facing  the  Sun,  it  will  be  more  or  lefs 
vifible  to  us  according  to  our  fituation  at 

\ 

various  times. 

The  lurface  of  Venus  is  diverfffied  with 

fpots  like  our  Moon,  by  the  motion  of 

which 
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\vhich  it  is  determined,  that  fhe  revolves  oil 
her  axis  from  weft  to  eaft  in  the  fpace  of 
twenty#three  hours.  When  the  air  is  in  a 
o-ood  ftate  for  this  kind  of  obfervations, 

t> 

mountains  like  thole  in  the  Moon  may  be 
difcerned,  with  a very  powerful  telefcope. 

The  face  of  the  planet  Mars  is  always 
round  and  full,  as  his  fuperior  fituation  re- 
quires, excepting  at  the  time  of  his  quadra- 
tures, or  elongation  of  90  degrees,  when  a 
fmall  part  of  his  unenlightened  hemifphere 
being  turned  towards  us,  his  dilc  appears  like 
the  Moon  about  three  days  after  the  full. 

By  the  fpots  on  Mars,  his  diurnal  revolu- 
tion is  found  to  be  performed  in  one  day  and 
forty  minutes,  in  the  direction  from  weft  to 
eaft.  From  the  ruddy  and  obfcure  appearance 
of  this  planet,  it  is  thought  that  his  atmof- 
phere  is  much  more  denfe  than  thofe  pf  the 
other  planets. 

We  have  already  had  occalion  to  fpeak  of 
the  fatellites  of  Jupiter  and  Saturn.  The 
annual  parallax  of  thefe  planets  is  not  conli- 
derable  enough  to  bring  any  fenfible  part  of 
their  dark  hemifpheres  towards  us  in  any 
pofition  of  elongation ; consequently  their 
faces  are  always  round  and  full. 

Vol.  I.  M 
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The  telefcopic  appearance  of  Jupiter  affoFcfo 
a vaft  field  for  the  curious  enquirer.  He  is 
in  general  encircled  with  one  or  more  obfcure 
belts  or  bands  parallel  to  the  plane  of  his 
orbit,  and  confequently  to  each  other.  Thefe 
are  not  regular  or  conftant  in  their  appear- 
ance. They  have  been  feen  to  the  number 
of  five,  and  during  the  time  of  obfervation 
two  have  gradually  difappeared.  Sometimes 
but  one  is  feen ; and  fometimes,  when  the 
number  is  more  confiderable,  one  or  more 
dark  fpots  are  formed  between  the  belts, 
which  increafe  till  the  whole  is  united  in 
one  large  dufky  band.  The  fpots  of  Jupiter 
are  the  brighter  parts  of  his  furface,  and  are 
not  permanent,  though  more  fo  than  the 
belts ; yet  it  is  found  that  they  re-appear  after 
certain  unequal  intervals  of  time.  The 
remarkable  fpot,  by  whofe  motion  the  rota- 
tion of  Jupiter  on  his  axis  was  determined, 
difappeared  in  1694,  and  was  not  feen  again 
till  1708,  when  it  re-appeared  exactly  in  the 
fame  place  on  his  furface,  and  has  been  occa- 
fionally  feen  ever  fince. 

It  has  been  conjectured  that  thefe  belts 

are  feas,  and  that  the  variations  which  are 

obferved  both  in  them  and  the  fpots  are  occa- 
sioned 
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fioned  by  tides,  which  are  differently  affedted, 
according  to  the  portions  of  his  moons.  If 
an  obferver*  poffeffed  of  fkill  and  patience 
equal  to  the  talk,  would  delineate  the  phafes 
of  Jupiter  for  the  fpace  of  a periodical  revo- 
lution, noting  at  the  fame  time  the  pofitions 
of  his  fatellites,  this  opinion  might  be  either 
eflablifhed  of  rejected  : but  at  all  events  fuch 
a feries  of  obfervations  could  not  fail  to  throw 
great  light  on  the  fubjedt.  - . 

The  equatorial  diameter  of  Jupiter  exceeds 
his  axis  or  polar  diameter  in  the  ratio  of  13  to  12. 

The  very  great  difiance  of  the  planet  Sa- 
turn, and  the  tenuity  of  his  light,  do  not  per- 
iliit  us  to  diftinguifh  thofe  varieties  which  it 
is  probable  are  on  his  furface.  The  faint 
appearance  of  a belt  is  fomctimes  feen.  The 
ring  which  encircles  him  is  inclined  to  the' 
ecliptic;  in  confequence  of  which,  its  appa- 
rent figure  is  continually  varying.  When  the 
line  of  its  nodes  points  directly  towards  the 
Earth,  the  ring,  prefenting  its  edge  to  the  ob- 
ferver,  becomes  invifible,  and  at  all  other  times 
its  figure  is  that  of  an  oval,  which  is  broader  or 
narrower,  accordingly  as  the  line  of  the  nodes 
is  farther  from  or  nearer  to  the  above  pofition. 

M2  CHAP. 
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Of  the  Seafons . 


CHAP.  XII. 


Of  the  Length  of  Days  and  Nights ; and  af 
the  Seafons. 

E have  feen  that  every  planet  which 


is  acceffible  to  obfervation  has  a 
revolution  on  its  axis;  the  intention  of  which 
is,  undoubtedly,  to  give  alternate  night  and 
day  to  every  part  of  their  furfaces.  An  incli- 
nation of  the  axis  of  any  planet  to  the  axis  of 
its  orbit,  by  caufing  the  length  of  days  and 
the  intensity  of  heat  to  vary,  occalions  a viciffi- 
tude  of  feafons.  On  this  account  Jupiter  and 
Mars,  whofe  axes  are  nearly  perpendicular 
to  the  planes  of  their  orbits,  and  confequently 
parallel  to  the  axes  of  their  orbits,  have  equal 
days  and  nights  on  every  part  of  their  fur- 
faces  at  the  fame  time:  Jupiter’s  days  being 
four  hours  and  twenty-eight  minutes,  and 
that  of  Mars  twelve  hours  and  twenty  mi- 
nutes ; the  nights  being  alfo  of  the  famej 
length  : But  Venus,  whofe  axis  is  inclined  to 
that  of  her  orbit  in  a conliderable  angle,  has 


an 
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an  annual  change  of  feafons  and  length  of 
days.  The  Earth,  for  the  fame  reafon,  has 
a fimilar  vicifiltude,  in  the  explanation  of 
which  we  fhall  preclude  the  neceflity  of  en- 
larging on  the  circumftances  of  the  other 
planets. 

For  this  purpofe  it  will  be  ufeful  to  define 
thofe  imaginary  circles,  which  aftronomers  and 
geographers  have  invented  for  the  purpofes  of 
brevity  as  well  as  regularity  in  their  ope- 
rations. 

On  the  Earth  a great  circle,  fuppofed  to 
be  drawn  at  an  equal  diftance  from  each 
pole,  is  termed  the  Equator:  lefier  circles 
drawn  parallel  to  the  equator  are  called 
Parallels  of  Latitude;  and  great  circles  in- 
terfering the  equator  at  right  angles,  and 
confequently  pafiing  through  the  poles,  are 
called  Meridians. 

In  the  heavens  a great  circle,  parallel  to  the 
equator,  is  termed  the  Celeftial  Equator ; but 
the  lefier  circles  parallel  to  it  are  called  parallels 
of  declination,  and  the  great  circles  interfer- 
ing it  at  right  angles,  and  pafiing  through 
the  celeftial  poles  of  the  Earth,  are  called 
Hour  Circles,  or  circles  of  right  afcenfion. 

M 3 The 
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The  ecliptic  is  the  great  circle  in  the  hea- 
vens, in  which  the  Sun  apparently  deferibes  his 
annual  courfe  : leffer  circles,  drawn  parallel  to 
the  ecliptic,  are  called  parallels  of  latitude  j 
and  great  circles  interfering  it  at  right  angles, 
and  confequently  palling  through  its  poles, 
are  called  eeleftial  meridians. 

The  horizon  is  that  great  circle  which  dL 

i 

vides  the  vilible  or  upper  hemifphere  from  the 
lower.  If  this  circle  have  the  eye  of  the  obferver 
for  its  center,  it  is  called  the  fenfible  horizon  ; 
but  if  its  center  be  that  of  the  Earth,  it  is 
termed  the  rational  horizon.  To  this  laft  all 
altronomical  obfervations  are  reduced  or  ap- 
plied ; the  former  being  only  confidered  as  one 
of  the  parallels  of  altitude.  Lelfer  circles,  pa- 
rallel to  the  horizon,  are  called  parallels  of 
altitude,  if  above,  but  of  deprefiion,  if  below 
the  horizon,  and  the  great  circles  interfer- 
ing it  at  right  angles  are  called  azimuths. 

Latitude  on  the  Earth  is  the  diftance  be- 
tween a given  place  and  the  equator.  It  is  mea- 
fured  in  degrees  and  minutes  of  the  meridian. 
In  the  heavens  it  is  the  diflance  between  a 
given  place  and  the  ecliptic,  and  is  mealured 
pn  the  cceleftial  meridian. 

Longitude 
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Longitude  on  the  Earth  is  the  diftance 
between  the  meridian  palling  through  a given 
place  and  the  firft  meridian.  It  is  meafured 
on  the  equator  from  the  place  of  interfec- 
tion  of  the  firft  meridian  to  that  of  the  given 
one.  The  firft  meridian  on  the  earth  is  arbi- 
trary i but  the  Englifh  aftronomers  in  general 
reckon  from  that  which  paftes  through  the 
obfervatory  at  Greenwich.  Longitude  in  the 
heavens  is  the  diftance,  meafured  on  the 
ecliptic,  between  a given  meridian  and  that 
which  paftes  through  the  firft  point  of  the 
conftellation  Aries. 

’ f 

Right  afcenfion  is  the  diftance  meafured 
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on  the  equator  between  a given  hour  circle 
and  that  which  paftes  through  the  firft  point 
of  the  conftellation  Aries.  Declination  is  the 
diftance  between  a given  place  and  the  equator, 
and  is  meafured  on  one  of  the  hour  circles. 

The  circle  which  divides  the  enlightened 
hemifphere  of  a planet  from  its  dark  hemif- 
phere  is  called  the  Terminator, 

Let  NEQS  (fig.  44.  and  45.)  reprefent  the 
Globe  of  the  Earth  and  C the  Sun  : then  the 

circles  NMS,NMS,  &c.  will  reprefent  the  me- 
ridians interfering  the  Equator  EQ^,  at  right 
M q.  angles. 
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angles,  and  paffing  through  the  Poles  N and 
S.  The  lines  pp,  pp.  Sec.  will  reprefent  the 
parallels  of  latitude  ^ and  the  line  CM  will 
reprefent  the  plane  of  the  Earth’s  orbit. 

Now  it  is  evident,  that  it  is  day  at  any 
given  place  on  the  globe,  fo  long  as  that 
place  continues  in  the  enlightened  hemifi- 

I * * 

phere;  and  that  when  by  the  diurnal  rota- 
tion it  is  carried  into  the  dark  hemifphere  it 
becomes  * night.  And  from  the  contempla- 
tion  of  figure  45.  it  appears,  that  if  the  poles 
be  fituated  in  the  terminator,  the  terminator 
will  divide  each  of  the  parallels  into  two 
equal  parts,  and  confequently,  fince  the  uni- 
form motion  of  the  Earth  caufes  any  given 
place  to  deferibe  equal  parts  of  its  parallel  in 
equal  times,  the  days  and  nights  will  be 

equal  on  every  parallel  of  latitude ; that  i$ 

! 

to  fay,  all  over  the  globe,  except  at  the 
poles,  where  the  Sun  will  neither  rife  nor 
fet,  but  continue  in  the  horizon. 

But  if,  as  in  figure  44.  the  axis  be  not 
placed  in  the  plane  of  the  terminator,  the 

A 

terminator  will  divide  the  equator  into  two 


# Twlight  is  not  here  confidered. 
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eaual  parts,  but  the  parallels  which  are  fitu- 
ated  towards  the  enlightened  pole  will  have 
a greater  part  of  their  peripheries  in  the  en- 
lightened than  in  the  dark  hemifphere : and 
fimilar  parallels  towards  the  other  pole  will 
have  a like  greater  part  of  their  peripheries 
in  the  dark  hemifphere.  Whence  it  follows, 
that  the  firfi-mentioned  parallels  will  enjoy 
longer  days  than  nights,  and  the  contrary 
will  happen  to  the  latter,  they  having  fhorter 
days  and  longer  nights  ; while  at  the  equator 
the  days  and  nights  continue  equal.  All 
which  is  plain  by  infpedtion  on  the  figure, 
where  it  is  alfo  obfervable,  that  the  difpro- 
portion  is  greatefi  in  the  greater  latitudes  5 
and  that  places,  whofe  difiance  from  the 
pole  is  lefs  than  that  of  the  pole  from  the 
terminator,  do  enjoy  either  a confiant  day  or 
confiant  night,  the  rotation  of  the  Earth 
never  carrying  them  into  the  oppofite  hemi- 
sphere. 

In  this  pofition  of  the  axis  the  inhabitants  on 
the  one  fide  of  the  equator  may  be  faid  to  enjoy 
fummer,  and  thofe  on  the  other  fide  winter 
in  relpedt  to  each  other;  for  the  long  dura- 
tion of  the  Sun  above  the  horizon  mufi  occa- 

fion 
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iion  a proportionally  greater  degree  of  heat, 
and  his  long  ablence  muft  have  the  contrary 
effedt. 

But  this  is  not  all : the  greateft  altitude 
of  the  Sun  is  at  that  place  which  is  fartheft 
diftant  from  the  terminator.  A fpedtator  at 
G,  which  is  90°  diftant  from  the  terminator* 
will  have  the  fun  in  the  zenith ; a fpe&ator 
at  T will  fee  the  Sun  in  the  horizon  $ and,  for 
every  intermediate  diftance,  the  arc  of  a great 
circle  comprehended  between  the  terminator 
and  the  place  of  obfervation  will  be  the 
meafure  of  the  Sun’s  altitude.  Therefore 
every  parallel  between  G and  the  enlightened 
pole  will  have  the  meridian  altitude  of  the 
Sun  increafed  (by  the  angle  NMT)  beyond 
what  it  would  have  been  had  the  pole  con- 
tinued in  the  plane  of  the  terminator : and 
every  place  between  G and  the  dark  pole 
will  have  the  Sun’s  meridian  altitude  dimi-* 
nifhed  in  the  fame  manner.  And  between 
S and  T his  altitude  will  confequently  be 
negative,  or  beneath  the  horizon. 

This  difference  of  the  altitudes  of  the  Sun 
is  an  additional  caufe  of  the  increafe  of  heat 
towards  the  enlightened  pole,  and  the  deereafe 

towards 
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towards  the  dark  pole.  For  the  greater  the 
Sun’s  altitude  the  more  dire&ly  do  his  rays 
fail  on  any  furface  j and  in  furfaees  of  the 
fame  magnitude  the  quantity  of  light  receive 
ed  by  each  is  as  the  fine  of  the  angle  of 
obliquity  with  which  the  rays  fall.  This  is 
fo  clear  as  fcarce  to  require  an  explanation. , 
Let  the  line  AB  (fig.  46.)  reprefent  a 
furface,  on  which  the  column  of  light  NOAB 
falls  perpendicularly.  A furface  AC,  of  the 
fame  magnitude,  receiving  the  light  obliquely 
under  the  angle  JCK,  will  intercept  only  fo 
much  as  would  have  fallen  on  the  fpace 
A E,  and  another  furface  A D,  receiving 
the  light  ftill  more  obliquely  under  the  angle 
LDM,  will  intercept  only  fo  much  as  would 
have  fallen  on  the  fpace  AF.  But  the 
fpaces  or  lines  AE  and  AF  are  the  fines  of 
the  angles  of  obliquity  JCK  and  LDM; 
whence  the  propofition  is  evident. 

It  remains  to  be  fhewn,  that  thefe  fitua- 
tions  of  the  axis,  with  refpedt  to  the  termi-? 
nator,  do  obtain  in  the  Earth  at  different 
times  of  the  year;  which  being  proved,  the 
viciffitude  of  feafon§  mufl  follow  of  courfe. 

Ii* 
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In  fig.  47.  Let  C reprefent  the  Sun, 
ABPG  the  Earth’s  orbit,  nearly  circular, 
but  which  being  viewed  obliquely  appears 
like  3.  long  ellipfis,  of  which  let  the  part 
BD  be  fuppofed  neared;  the  fpedtator.  And 
Jet  the  four  circles  diftinguifhed  by  the  months 
March,  June,  September,  and  December, 
reprefent  the  Earth  in  four  feveral  parts  of 
her  orbit,  NS  being  her  axis. 

Obferva,tion  foews,  that  the  axis  of  the 
Earth  does  always  preferve  very  nearly  the 
fame  pofition  with  refpedf  to  the  fixed  Ears; 
being  inclined  to  the  axis  of  her  orbit  in  an 
angle  of  about  237  degrees.  It  will  not 
therefore  preferve  the  fame  relative  pofition 
with  refpedt  to  the  terminator.  For  fup- 
pofe  the  Earth  to  be  in  the  fituation  which  is 
diftinguifhed  by  the  month  March,  her  axis 
at  that  time  is  in  the  plane  of  the  termina- 
tor, and  confequently  the  days  and  nights  are 
equal  all  over  the  globe : but  when  by  its 
annual  motion  it  is  carried  towards  A,  the 
north  pole  N the  axis,  fiill  preferving  its 
pofition  or  continuing  parallel  to  itlelf,  will 
advance  into  the  enlightened  hemifphere, 
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and  in  the  month  of  June  will  be  237  degrees 
diftant  from  the  terminator,  as  in  the  fcheme, 
the  fouth  pole  being  at  the  fame  diftance  in 
the  dark  hemifphere.  Therefore  in  the  month 
of  June  the  northern  parts  will  enjoy  long 
days  and  fummer,  while  the  fouthern  parts 
have  fhort  days  and  winter. 

During  the  interval  between  the  time  of 
equal  days  and  nights  in  March,  which  is 
called  the  vernal  equinox,  and  the  time  at 
which  the  day  is  longed:  in  June,  which  is 
called  the  fummer  folftice,  the  north  pole 
will  have  defcribed  a quarter  of  a circle  in 
the  enlightened  hemifphere  with  refpedt  to 
the  terminator,  and  confequently  will  be  at 
its  greateft  didance  from  it.  From  that  time 
it  will,  by  defcribing  the  other  quarter, 
approach  the  terminator,  the  days  gradually 
fhortening  till  the  Earth  arrives  at  the  por- 
tion denoted  by  the  month  September,  when, 
the  axis  again  coinciding  with  the  plane 
of  the  terminator,  the  days  and  nights  will 
be  equal.  This  is  called  the  autumnal  equi- 
nox. During  the  next  quarter  the  north 
pole  will  defcribe  a quarter  of  a circle  in 
the  dark  hemifphere,  and  the  days  will  fhor- 

ten 
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ten  till  December,  when  the  pole  will  be  juft 
as  far  within  the  dark  as  in  June  it  was  in 
the  enlightened  hemifphere,  which  time  is 
called  the  winter  folftice.  From  the  winter 
foldice  to  the  vernal  equinox,  the  days  will 
lengthen  as  the  pole  approaches  the  termi-» 
nator  ; and  at  the  inftant  in  which  the  axis 
again  coincides  with  its  plane,  the  natural 
year,  which  confifts  of  365  days,  5 hours* 
48  minutes,  and  57  feconds,  is  finifhed. 

It  is  eafy  to  conceive,  by  the  fame  expli- 
cation, ufing  the  fouth  pole  inftead  of  the 
north,  that  the  inhabitants  of  the  fouthem 
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hemifphere  have  the  fame  viciffitudes,  though 
not  at  the  fame  time ; for  it  is  winter  in  one 
hemifphere  while  it  is  fummer  in  the  other, 
&c.  &c. 

As  the  pole  N (fig,  44.)  advances  in  the 
enlightened  hemifphere,  the  Sun  will  be  in 
the  zenitl}  of  a place  G,  as  far  diftant  front 
the  equator  as  the  pole  is  from  the  ter- 
minator; therefore  the  greateft  latitude  at 
which  the  Sun  can  be  vertical  is  23 1 
degrees.  The  parallels  of  latitude  on  the 
Earth  of  23-7  degrees  N.  and  , S.  as  alfo 
the  correfpondent  parallels  of  declination 

in 
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in  the  heavens  are  called  the  Tropics,  be- 
caufe  the  Sun  when  he  arrives  at  them  does 
afterwards  return  towards  the  equator.  The 
Sun,  when  he  arrives  at  the  north  tropic,  is 
juft  entering  the  fign  Cancer,  and  when  he 
arrives  at  the  fouth  tropic  is  juft  entering 
the  iign  Capricorn  ; for  which  reafon  the 
north  tropic  is  called  the  Tropic  of  Cancer, 
and  the  fouth  tropic  the  Tropic  of  Capricorn. 

CHAP.  XIII. 

Of  the  fixed  Stars ; and  of  the  Syjlem  of  the 
Univerfe. 

TT  has  been  mentioned,  that  the  fixed 
ftars  do  always  preferve  the  fame  pofi- 
lion  with  refpecft  to  each  other.  This,  to 
fpeak  in  general,  is  true,  but  there  have  been 
obferved  feveral  variations  amongft  them. 
New  ftars  have  appeared  from  time  to  time; 
feveral  of  thofe  whofe  places  and  magnitudes 
are  inferted  in  the  old  catalogues  are  not  now 
to  be  found,  and  fome  of  the  ftars  have  a 

periodical  increafe  and  decreafe  of  magni- 
tude. 


New 
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New  dars,  to  the  number  of  fix  or  feveti* 
are  recorded  in  ancient  authors ; but  as  mod 
of  thofe  authors  were  not  adronomers,  and 
all  the  accounts  feem  to  want  the  necedary 
precifion,  it  cannot  at  this  day  be  determined 
whether  they  were  really  amongd  the  fixed 
dars,  or  were  comets  or  meteors.  Hippar- 
chus, who  made  the  fird  catalogue  of  the 
fixed  dars,  is  faid  to  have  been  induced  there- 
unto by  an  appearance  of  this  kind  ; but  its 
place  in  the  heavens  has  not  been  tranfmitted 
to  us.  Of  the  phenomena  of  this  nature, 
which  have  appeared  in  modern  times,  the 
mod  remarkable  are  the  following : 

November  8,  1572,  Cornelius  Gemma 

attentively  confidered  that  part  of  the  heavens 
which  is  called  Calliope’s  Chair,  and  per- 
ceived nothing  extraordinary;  but  the  next 
night,  November  9,  a new  dar  appeared, 
with  a fplendor  almod  equal  to  that  of  Venus. 
Tycho  Brahe  faw  it  on  the  1 ith,  from  which 
time  it  gradually  decreafed,  and  became  invi- 
fible  in  March,  1574.  By  accurate  obierva- 
tions  he  determined  its  place  to  be  90  17  lon- 
gitude from  the  fird  dar  in  Aries,  with 
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£3°  45"  north  latitude. 


If  has  not  fince  been 


feen.  / 

September  30,  1-664,  the  fcholafs  of  Kepler 

obferved  a ftar  in  the  right  leg  of  Serpenta- 
rius,  which  was  not  there  the  night  before. 

It  appeared  with  a luftre  exceeding  that  of 
Jupiter  j and  like  the  former  decreafed  gra- 
dually till  January  160I,  when  it  totally 
difappeared*  By  the  obfervations  of  Kepler 
and  others,  its  place  was  found  to  be  7s  20° 
from  the  firfh  ftar  of  Aries,  with  i°  56'  north 
latitude* 

In  1596,  Aug.  3*  David  Fabricius  firfl  fa\v 
that  remarkable  ftar  in  the  neck  of  the  Whale, 
which  has  fince  been  found  to  increafe  and 
decreafe  in  magnitude  periodically*  Its  pe- 
riod is  about  334  days,  but  it  returns  not 
always  with  the  fame  luftre,  neither  is  it  ever 
fo  frnall  but  that  it  may  be  difeerned  with  a 
fix  foot  telefcope.  It  precedes  the  firft  flar 
of  Aries  1°  40',  with  150  57'  fouth  latitude. 

Anno  1606,  William  Janfonius  difeovered 
a new  ftar  in  the  neck  of  the  Swan,  of  about 
the  third  magnitude.  After  continuing  feme 
years  it  became  fo  final  I,  that  fome  were  Of 
opinion  that  it  had  entirely  difappeared ; but 
Vol*  L N in 
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in  the  years  1657,  1658,  ahd  165*9,  it  again 
rofe  to  the  third  magnitude,  but  foon  after 
decayed,  and  continues  to  appear  of  the  fifth 
or  fixth  magnitude  ; fituated  in  9s  180  38'  from 
the  firft  of  Aries,  with  latitude  55°  29  north. 

July  15,  1670,  a new  fiar  was  obferved  by 
Hevelius,  of  the  third  magnitude,  which  in 
October  was  fcarcely  vifible  to  the  naked 
eye.  In  the  April  following  it  was  rather 
brighter  than  at  firft,  yet  wholly  difappeared 
about  the  middle  of  Auguft.  In  March 
j672  it  was  again  vifible,  though  very  fmall, 
fince  which  time  it  has  not  appeared.  Its 
place  was  9s  30  1 7 from  the  firft  ftar  of  Aries, 

with  latitude  470  28'  north. 

In  1686,  G.  Kirch  difcovered  a new  ftar, 
which  feldom  exceeds  the  fifth  magnitude, 
and  whofe  period  is  4047  days,  the  greateft 
part  of  which  time  it  is  in  vifible.  Its  re-ap- 
pearances are  very  regular  5 and  it  is  fituated 
about  9s  6°  30'  from  the  firft  ftar  of  Aries,  in 

latitude  52°  40  north. 

The  foregoing  are  the  mod  remarkable 
among  the  variable  ftars;  but  many  others 

of  fmaller  magnitude  are  recorded  in  the  ob- 
fervations  of  the  elder  Caflini,  Halley,  Maraldi, 
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&c.  which  brevity  does  not  permit  us  to  en- 
large on. 

Befides  the  liars,  there  are  certain  lumi- 
nous fpots  or  nebulae,  fome  of  which  are 
compofed  of  clutters  of  fmall  telefcopic  liars, 
whofe  blended  light  illuminates  the  fpace  in 
which  they  are  fituated  ; though  fingly  they 
are  too  fmall  to  be  vifible.  Of  this  kind  is 
that  great  irregular  circle  or  band  of*  light, 
called  the  Milky  Way,  which  crolfes  the 
ecliptic  in  Cancer  and  Capricorn,  and  is  in-* 
dined  to  it  in  an  angle  of  about  fixty  degrees. 
But  the  other  kind  of  nebulae  appear  as  lumi- 
nous fpots  through  the  telefcope,  and  to  the 
naked  eye  in  general  as  fmall  fixed  liars. 
The  chief  are  the  following: 

The  firft  and  moft  confiderable  is  in  the 
middle,  between  the  two  liars  on  the  blade 
of  Orion’s  fword.  It  is  marked  0 by  Bayer. 
Through  the  telefcope  it  appears  to  confill  of 
two  contiguous  liars,  environed  with  a very 
large  tranfparent  bright  fpot,  through  which 
they  appear,  with  feveral  others.  This  fpot 
is  in  the  form  of  an  irregular  parallelogram, 
and  was  accidentally  difcovered  to  be  fuch  by 
Mr.  Huygens  in  1656. 
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In  166 1,  Bullialdus  difcovered  another  in 
Andromeda’s  girdle,  which  has  been  omitted 
in  feveral  catalogues,  on  account  of  its  fmall- 
nefs.  It  feems  to  have  no  ftars  in  it,  but 
appears  like  a pale  cloud,  fending  forth  a 
radiant  beam  towards  the  north-eaft,  as  that 
in  Orion  does  to  the  fouth-eaft.  It  precedes 
in  right  afcenfion  the  northern  liar  iti  the 
girdle  (marked  y)  about  T 45'. 

A third  was  difcovered  in  1665,  by  Abra- 
ham Ihle.  This  is  fmall,  but  very  luminous, 
and  emits  a ray  like  the  former.  Its  place  at 
prefent  is  about  yp  5°7,  with  about  7 degree 
of  fouth  latitude. 

Dr.  Halley  in  1677,  when  he  was  making 
a catalogue  of  the  fouthern  Bars,  obferved 
that  the  flar  in  the  back  of  the  centaur, 
marked  &>,  was  nebulous.  It  appears  about 
the  fourth  magnitude,,  and  is  not  very  lumi- 
nous. Its  place  is  about  m.  6ai.,  with  about 
3 12  fouth  latitude. 

In  1681,  G.  Kirch  difcovered  a nebula  pre- 
ceding the  right  foot  of  Antinous.  It  is  a 
fmall  obfcure  fpot,  but  has  a flar,  which 
Ihining  through  it  makes  it  more  conlpi- 
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In  17141  Dr.  Halley  obferved  a nebula  ffi 
the  constellation  Hercules,  in  a right  line 
between  the  Stars-  f and  » of  Bayer.  This  is 
but  fmall,  but  may  be  feen  in  a clear  Iky,  if 
the  moon  be  abfent. 

We  may  rationally  fuppofe  that  thele  are 
not  all,  but  that  there  may  be  many  not  yet 
obferved,  and  perhaps  Some  larger  than  any 
of  thefe,  the  biggeSt  of  which  are  but  a few 
minutes  in  diameter.  But  fince  from  their 
want  of  an  annual  parallax,  it  is  evident  that 
they  are  among  the  fixed  Stars,  they  cannot 
fail,  notwithstanding  their  apparent  fmall- 
nefs,  to  occupy  fpaces  immenfely  great;  per- 
haps notlefs  than  our  whole  folar  fyftem.  In 
all  thefe,  fo  vafl  fpaces,  it  Should  feem  ther6 
is  a perpetual  uninterrupted  day. 

In  confidering  the  prodigious  magnitude 
of  the  fpace  in  which  the  fixed  Stars  are 
placed,  it  does  not  feem  rational  to  fuppofe 
that  fuch  vaSt  bodies,  as  they  muft  necefiarily 
be,  were  created  for  no  other  purpofe  than  to 
afford  us  a glimmering  light,  in  the  abfence 
of  the  Sun.  If  that  were  the  intention  of 
their  existence,  why  have  the  telefcopic  Stars 
twinkled  unfeen  till  thefe  later  ages?  Cer- 
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tainly  the  fuppofition  agrees  very  ill  with  the 
adequacy  of  the  agent  to  the  efFe<ft,  which 
we  find  to  prevail  in  all  the  inftances  to 
which  our  knowledge  extends.  We  have 
already  fpoken  of  the  minute  objedts  which, 
though  organized  and  pofle  fling  fpecific  quali- 
ties, are  not  large  enough  to  come  under  the 
obfervation  of  fenfe ; let  us  advert  to  the 
other  limit,  and  contemplate  thofe  magni- 
tudes which  exceed  the  power  of  our  ima- 
ginations, by  reafon  of  their  vaftnefs. 

We  fee  but  a fmall  part  of  the  univerfe. 
The  vifible  horizon  is  fcarcely  more  than  a 
degree  in  diameter,  yet  that  difiance  is  the 
greateft  of  which  we  can  form  any  real  con- 
ception. Our  clear  ideas  of  number  enable 
us  to  proceed  with  certainty  in  our  {pecula- 
tions, but  our  imaginations  are  not  by  that 
means  enlarged,  Thus  we  can  prove,  that 
the  difiance  of  the  Sun  exceeds  the  diameter 
of  the  horizon  above  eight  hundred  thoufand 
times,  but  cannot  from  thence  form  any 
potion  of  a difiance  fo  great.  We  may  pro- 
ceed further,  and  demonftrate,  that  the  dil- 
tance  of  the  nearefi  fixed  ftar  exceeds  that 
pf  the  Sun,  in  a ratio  much  beyond  this  laft 
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mentioned ; becaufe  if  it  did  not,  the  flar 
would  have  a fenfible  annual  parallax.  Not 
to  flop  here  ; fince  the  number  of  fixed  ftars 
is  indefinitely  great,  greater  numbers  being 
always  feen  th&more  perfedthe  telefcope;  and 
fince  there  is  reafon  to  think  that  they  are  as 
far  diftant  from  each  other  as  from  us,  this  laft 
diftance  muft  be  indefinitely  magnified  before 
any  fuppofition  of  the  diameter  of  the  univerfe 
can  be  formed.  This  magnitude  not  only 
exceeds  all  imagination,  but  is  even  beyond 
the  power  of  numbers  ! The  Creator  of  the 
fabric  alone  can  comprehend  the  infinite 
expanfion.  Here  it  is  that  our  obfervations 
fail  us,  and  our  knowledge  is  of  necefiity 
reduced  to  hypothefis.  That  which  is  gene- 
rally received  is  founded  on  the  following 
analogical  proof. 

It  mull  be  remembered,  that  when  fpeak- 
ing  of  parallax,  it  was  fhewn  that  the  bafe 
between  the  two  ftations  of  an  obferver  is 
always  feen  from  the  objed  under  the  fame 
angle  as  the  parallax  itfelf.  The  neareft  fixed 
ftar  has  no  annual  parallax ; therefore  the 
diameter  of  the  annual  orbit,  if  viewed  from 
the  neareft  fixed  ftar,  would  fubtend  no  fen- 

N 4 fible 


I H Syjiem  of  the  Univerfe. 

fible  angle,  and  a fortiori,  the  Sun  itfelf  would 
appear  no  more  than  as  a luminous  point ; that 
is  to  fay,  as  a fixed  flar.  Whence  it  follows, 
that  the  ftars  oauffc  equal  the  Sun  in  bulk  ; or, 
in  other  words,  that  they  are  funs.  The  fame 
argument  of  the  infenfibility  of  the  parallax, 
not  to  mention  the  imbecility  of  their  light, 
will  prove  that  the  planets  could  not  be  vifible 
at  the  diftance  of  a fixed  ffar.  It  is  there- 
fore no  derogation  from  the  probability  of 
every  fixed  ftar’s  being  accompanied  by  a fyf- 
tem  of  planets,  to  fay  we  do  not  fee  them ; 
fince  that  is  proved  to  be  impoffible,  even 
granting  them  to  exifl.  Confequently  the  mod: 
rational  hypothecs  of  the  final  purpofe  of  fo 
many  Suns  is,  that  they  are  ordained  to  dis- 
tribute light  and  heat  to  an  immenfe  number 
pf  worlds  thq.t  attend  on  them, 
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SECT.  IV. 


Of  the  general  KffeSls  of  Gravitation* 
CHAP.  I. 

Of  the  ~Phyfical  Caufes  of  the  Ccelejlial  Motions . 
O explain  the  phyfical  caufes  of 


the  coeleftial  motions,  we  (hall 
affume  the  following  poftulates  from  the 
often  quoted  Principia  of  Sir  Ifaac  Newton, 
to  which  we  refer  our  mathematical  readers 
for  their  demonftration. 

If  the  * fquares  of  the  periodical  times  of 
bodies  which  revolve  in  iimilar  orbits,  whofe 
centers  are  fimilarly  placed,  and  which,  fingly. 
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defcribe  equal  areas  in  equal  times,  be  to  each 
other  in  the  Tame  diredt  proportion  as  the 
cubes  of  their  mean  diftances  from  their  cen- 
ters, the  centripetal  forces  will  be  reciprocally 
as  the  fquares  of  the  mean  diftances. — And 
the  contrary ; if  the  centripetal  forces  be  re- 
ciprocally, &c. 

If  a * body  revolve  in  an  orbit,  not  circular, 
defcribing  equal  areas  about  a center,  and  the 
centripetal  force  be  reciprocally  as  the  fquare 
of  the  diftance  of  the  body  from  the  center, 
it  will  pafs  from  one  apfis  to  the  other  pre- 
cifely  in  half  a revolution  ; and  confequently 
the  line  of  the  apfides  will  conftantly  .retain 
the  fame  pofition,  or  be  immoveable.  And 
the-  contrary. 

If  a body  revolve  in  an  orbit,  not 
circular,  defcribing  equal  areas  about  a 
center,  and  the  centripetal  force  be  reci- 
procally in  the  proportion  of  fome  power 
greater  than  the  fquare  and  lefs  than  the 
cube  of  the  diftance,  it  will  pafs  from  one 
apfis  to  the  other  in  more  than  half  a revolu- 
tion; fuch  a body  may  be  conceived  to  re- 
volve in  an  ellipfis,  whofe  longed;  diameter 
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or  line  of  the  apfides  continually  moves  in 
confequentia,  or  in  the  fame  direction  as  the 
body  itfelf.  And  the  contrary. 

If  a body  revolve  in  an  orbit,  not  circular, 
defcribing  equal  areas  about  a center,  and  the 
centripetal  force  be  reciprocally  in  the  pro- 
portion of  fome  power  lefs  than  the  fquare 
of  the  diftance,  it  will  pafs  from  one  apfis  to 
the  other  in  lefs  than  half  a revolution.  Such 
a body  may  be  conceived  to  revolve  in  an  el- 
lipfis,  whofe  longed  diameter  or  line  of  the 
apfides  continually  moves  in  antecedentia,  or 
in  a direction  contrary  to  that  of  the  body  it- 
felf. Arid  the  contrary. 

Thefe  being  premifed,  it  follows  that. 

The  forces  by  which  the  fatellites  of  Jupi- 
ter are  continually  deflected  from  right-lined 
motions,  and  retained  in  their  orbits,  are  di- 
rected to  the  center  of  Jupiter;  and  are  re- 
ciprocally as  the  fquares  of  the  diftances  from 
that  center. 

For  they,  fingly,  defcribe  equal  areas  in 
equal  times  about  the  center ; and  the  fquares 
of  their  periodical  times  are  in  the  direCt  pro- 
portion of  the  cubes  of  their  diftances. 
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The  fame  is  true  of  the  fatellites  of  Saturn; 
and  for  the  fame  reafons. 

The  forces,  by  which  the  primary  planets 
are  continually  deflected  from  right-lined 
motions,  and  retained  in  their  orbits,  are  di- 
rected to  the  Sun,  and  are  reciprocally  as 
the  fquares  of  the  diftances  from  his  center. 

For  they,  fi ngly,  defcribe  equal  areas  in 
equal  times  about  that  center ; and  the 
fquares  of  their  periodical  times  are  in  the 
diredt  proportion  of  the  cubes  of  their  dif- 
tances. This  latter  part  of  the  propofition 
is  very  accurately  demonftrated  from  the 
quiefcence  of  their  apfides : for  the  lead  va- 
riation from  the  duplicate  ratio  would  oc- 
cafion  a perceptible  motion  of  the  apfides, 
which  in  a number  of  revolutions  would 
be  very  confiderable. 

The  force  by  which  the  Moon  is  retained 
in  its  orbit,  is  directed  to  the  center  of  the 
Earth,  and  is  reciprocally  as  the  fquares  of 
the  diftances  from  that  center. 

For  the  Moon  deferibes  equal  areas  in 
equal  times ; and  her  apfides  may  be  faid 
to  be  quiefeent.  The  fmall  motion  of  three 
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degrees  and  three  minutes  in  confequentia  in 
each  revolution  being  occafioned,  as  will  be 
{hewn,  by  the  adtion  of  the  Sun,  need  not 
here  be  regarded. 

The  force  by  which  the  Moon  is  conti- 
nually deflected  from  right-lined  motion,  and 
retained  in  its  orbit  is  the  fame  with  that 
force  which  we  call  gravitation. 

The  mean  difiance  of  the  Moon  from  the 
center  of  the  Earth  is  found  to  be  about  60  fe- 
snidiameters  of  the  Earth ; her  periodical 
revolution  is  performed  in  27  days,  7 hours, 
43  minutes ; and  the  French,  by  admeasure- 
ment, found  the  circumference  of  the  Earth 
to  be  123,249,600  Paris  feet;  therefore  the 
circumference  of  the  Moon’s  orbit  is  60 
times  that  quantity.  Now,  in  very  fmall 
arcs,  fuppofe  De,  which  do  not  fenfibly  differ 
from  right  lines,  the  verfed  fine  Dd,  will 
exprefs  the  quantity  or  effedt  of  the  centri- 
petal force.  (See  fig.  29.)  And  the  verfed  fine 
of  the  arc  which  the  Moon  defcribes  with  her 
mean  motion  in  one  minute  of  time,  being  1 3 A 
Paris  feet  is,  confequently,  the  fpace  through 
which  fire  would  fall  by  her  centripetal  force, 
if  the  projedtile  force  were  intirely  defiroyed. 
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To  find  the  effed  of  this  centripetal  force  at 
the  furface  of  the  Earth,  it  mull  be  increafed 
in  the  reciprocal  proportion  of  the  fquares  of 
the  diftances. 

As  the  fquare  of  the  diftance  at 
the  furface  of  the  Earth  from  the 
Earth’s  center  (1  femidiameter)  x? 

Is  to  the  fquare  of  the  diftance 
of  the  Moon  from  the  Earth’s  cen- 
ter (60  femidiameters)  - 3600, 

So  is  the  centripetal  force  at  the 
Moon,  exprefted  by  the  fpace  de- 
fcribed  in  one  minute,  - 15-Afeet, 

To  the  centripetal  force  at  the 
furface  of  the  Earth,  or  fpace  de- 
fcribed  in  one  minute,  - 54300  feet. 

Becaufe  the  centripetal  force  ads  conftantly 
(and  equally  at  equal  diftances)  thefe  motions 
will  be  uniformly  accelerated  ; and  becaufe 
the  fpaces  defcribed  by  any  uniformly  acce- 
lerated motion  taken  from  the  beginning,  are 
as  the  fquares  of  the  times,  we  may  find 
what  fpace  the  Moon  would  fall  through  in 
a fecond  if  near  the  furface  of  the  Earth; 
thus. 
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As  the  fquare  of  one  minute 
or  60  feconds,  - - 3600 

Is  to  the  fpace  defcribed  in 
that  time,  - - 54300  feet. 

So  is  the  fquare  of  one  fecond,  1 

To  the  fpace  defcribed  in  that 
time,  - i5tV. 

But  this  is  precifely  the  fpace  which  bodies 
falling  by  the  force  of  gravity  do  defcribe  in 
a fecond.  Therefore,  the  force  by  which  the 
Moon  is  retained  in  its  orbit  is  the  fame  as 
the  force  by  which  terreftrial  bodies  are  at- 
tracted towards  the  Earth  (by  the  firft  and 
fecond  rules  of  philofophizing). 

The  fatellites  of  Jupiter  and  Saturn  do 
gravitate  towards  their  primaries,  and  the 
primary  planets,  together  with  their  fatellites, 
do  gravitate  towards  the  Sun. 

For  their  revolutions  are  effects  of  the  fame 
kind  as  the  revolution  of  the  Moon  about 
the  Earth,  and  therefore  depend  on  the  fame 
caufe  ; more  efpecially  lince  it  is  Ihewn,  that 
the  centripetal  forces  which  occafion  thole  re- 
volutions vary  at  different  diftances,  accord- 
ing to  the  fame  law  as  gravity  is  proved  to 
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vary  at  different  diftances  from  the  center  of 
the  Earth. 

Gravity  then  is  given  in  all  the  planets.- 
For  there  is  no  doubt  but  Mars,  Venus,  and 
Mercury  are  bodies  of  the  fame  kind  as  Ju- 
piter and  Saturn.  And  fince  all  attraction  is 
mutual,  Jupiter  inuft  gravitate  towards  his 
fatellites,  Saturn  towards  his  fatellites,  the 
Earth  towards  the  Moon,  and  the  Sun  to- 
wards all  the  planets. 

The  gravity  which  tends  to  or  refpe&s  any 
planet  is  inverfely  according  to  the  fquares 
of  the  diftances  of  places  from  its  center. 

Therefore,  all  the  planets  do  mutually  gravi- 
tate towards  each  other : andhence  Jupiter  and 
Saturn,  when  near  the  conjunction,  do  fen- 
fibly  diflurb  each  other’s  motions.  The  Sun 
difturbs  the  lunar  motions,  and  the  Sun  and 
Moon  diflurb  the  fea,  occafioning  tides,  as 
will  be  fhewn. 

All  bodies  do  gravitate  to  every  one  of  the 
planets ; and  the  weights  of  bodies  on  any 
planet  at  equal  diftances  from  its  center, 
are  as  their  maftes  or  quantities  of  matter. 

All  bodies  defcend  to  the  Earth  from  equal 
heights,  allowance  being  made  for  the  re- 
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fiftance  of  the  air,  in  equal  times ; their  forces 
are  therefore  as  their  quantities  of  matter.  If 
thefe  terreftrial  bodies  be  fuppofed  to  be  carried 
up  to  the  orb  of  the  Moon,  they  would,  from 
what  has  already  been  fhewn,  defcend  to  Earth 
in  the  fame  time  as  the  Moon  would,  if  her 
projedile  motion  were  deftroyed : and  it  can- 
not be  doubted,  but  the  nature  of  gravity  is 
the  fame  in  the  planets  as  in  the  Earth. 
Moreover,  fince  the  forces  which  retain  the 
fatellites  of  Jupiter  in  their  orbits  are  in  a 
conftant  ratio  to  the  diftances,  namely  as 
the  fquares,  it  is  plain,  that  if  let  fall  at  equal 
diftances  from  his  center,  they  would  de- 
fcribe  equal  fpaces  in  equal  times,  as  is  the 
cafe  with  heavy  bodies  near  the  Earth,  and 
their  weights  would  be  as  their  quantities  of 
matter.  The  fame  reafoning  is  applicable  to 
the  fatellites  which  revolve  about  Saturn,  and 
to  the  primaries,  with  their  fatellites,  which 
revolve  about  the  Sun.  And  fince  the  action 
of  the  Sun  on  a fecondary  fyftem,  or  planet 
accompanied  by  moons,  does  not  difturb  their 
motions,  while  the  feveral  bodies  remain  at 
equal  diftances  from  his  center,  except  fo  far 
Vql.  L O 
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as  the  direction  of  his  aCtion  is  not  in  parallel 
lines,  it  follows  that  his  aCtion  on  the  feveral 
parts  of  fuch  fecondary  fyftem  is  accurately 
according  to  their  maffes. 

Gravitation  is  universal,  and  its  force  to- 
wards any  particular  body  is  in  proportion 
to  the  quantity  of  matter  in  that  body. 

' For  the  weight  or  gravitation  of  any  par- 
cel of  matter  or  planet  A,  towards  another 

. r * 

B,  is  in  proportion  to  its  quantity,  and  re- 
action is  equal  to  aCtion.  Confequently,  if 
the  quantity  of  matter  in  A be  increafed  or 
decreafed  in  any  given  proportion,  its  reaction 
on  B,  that  is  to  fay,  the  gravitation  of  B to- 
wards A,  will  be  increafed  or  decreafed  in 
the  fame  ratio. 

Hence  the  maffes  or  quantities  of  matter 
in  thofe  planets  which  are  accompanied  by 
others  may  be  found.  For  the  diameters  of 
the  orbits  of  their  attendants,  and  the  peri- 
odical times  being  known,  we  may  find  their 
centripetal  forces  as  was  before  inftanced  in 
the  Moon ; which,  by  the  inverted  propor- 
tion of  the  fquare  of  the  diftance  may  be 
found  for  any  cfiftance:  Thus -we  may  com- 
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pare  the  centripetal  forces  of  the  planets  to- 
wards the  Sun,  and  of  Jupiter  and  Saturn’s 
Moons  towards  their  primaries,  with  the 
centripetal  force  of  the  Moon  towards  the 
Earth,  and  their  refpedtive  maffes  will  be  as 
thofe  forces.  Their  diameters  being  known, 
we  can  compare  the  weights  of  bodies  on 
their  refpedtive  furfaces ; and  from  their  folid 
contents  or  bulks  compared  with  their  mafies, 
we  can  find  their  denfities.  By  thefe  prin- 
ciples it  appears,  that  the  maffes  of  the  Sun, 
Jupiter,  Saturn,  and  the  Earth  are  refpec- 
tively  as  1,  -tost,  t»it,  and  iWn? ; the  weights 
of  bodies  at  their  furfaces  refpedtively  as 
1000,  943,  529,  435  i and  their  denfities 
refpedtively  as  100,  944,  67,  and  400.  From 
which  it  is  feen,  that  the  weights  of  bodies 
on  the  furfaces  of  the  planets  is  not  con- 
fiderably  different,  and  that  the  denfities  of 
the  planets  which  are  neareft  the  Sun  are 
the  greatefl,  for  the  purpofe,  no  doubt,  of 
accommodating  them  to  the  greater  degree 
of  heat ; for  denfe  matter,  in  general,  re- 
quires a greater  heat  for  the  operations  of 
nature  than  that  which  is  more  rarefied. 

; c.  ;r; ' f , ■ j i 
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And  if  the  cceleftial  fpaces  be  not  abfolutely 
vacuous,  but  are  pofleffed  by  fome  very  rare 
medium,  that  medium  muft  refill  the  motions 
of  the  heavenly  bodies  in  a fmall  degree : it 
is  therefore  neeeffary  that  the  fmaller  planets 
fhould  be  denfer  than  the  larger,  in  order 
that  the  refinances  may  be  equal,  and  their 
relative  motions  lefs  difturbed  from  that 
caufe. 

C H A K IL 
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. Of  the  Irregularities  which  arife  from  the' 
mutual  Gravitations  of  the  Planets . 

GRAVITY  being  thus' fhewn  to  be  uni- 
verfal,  and  to  a6t  according  to  the  fame 
invariable  law  in  all  bodies,  in  proportion  to 
their  maffes ; the  cceleflial  motions  may  be 
deduced  from  its  mode  of  adlion  by  the  me- 
thod of  fynthefis.  Hence  it  is  colle^ed* 
that  if  the  Sun  were  at  red,  and  the  planets 
did  not  mutually  gravitate  towards  each  otheF, 
they  would  deferibe  ellipfes,  the  common  fo- 
r ous  of  which  would  be  the  Sun.  But  fince 

they 
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they  do  mutually  aCt  on  the  Sun,  and  on  each 
other,  it  is  proved  that  the  Sun  is  perpetually 
moved  about  the  center  of  gravity  of  all  the 
planets,  which  center  is  the  common  focus  of 

their  orbits.  This  center,  by  reafon  of  the 

■*$ 

Sun’s  very  great  bulk,  can,  in  no  lituation,  ex- 
ceed the  diftance  of  his  femidiameter  from 
his  furface.  Some  fmall  irregularities  arife 
from  thefe  mutual  actions,  but  much  lefs  than 
would  enfue  if  the  Sun  were  at  reft,  or  not  fub- 

IjeCt  to  the  reaction  of  the  other  planets.  The 
irregularities  in  the  motions  of  the  primary 
planets  are  hardly  confiderable  enough  to  come 
under  our  obfervation : thofe  of  the  Moon, 
on  account  of  .her  nearnefs  to  us,  and  for 
other  caafes,  have  ever  been  fufficiently  great 

I to  embarras  the  aftronomical  world.  We 
fhall  therefore  explain  the  latter,  and  apply 
the  explanation  to  the  former,  which  are  ef- 
fects of  the  fame  kind. 

If  the  actions  of  the  Sun  upon  the  Earth 
and  Moon  were  equal  upon  each,  according 
to  their  maffes,  and  tended  to  produce  mo- 
tions in  parallel  directions,  their  relative  mo- 
tions would  be  the  fame  as  if  no  fuch  forces 
aCted  upon  them.  But  thefe  forces  vary,  both 

0 3 in 
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in  quantity  and  dire&ion,  according  to  the 
various  relative  fituations  of  the  Earth  and 
Moon. 

' Let  the  point  S (fig.  48.)  reprefent  the  Sun, 
E the  Earth,  and  ADBC  the  orbit  of  the 
Moon.  Then,  if  the  Moon  be  at  the  quadra- 
ture A,  the  diftancesES  and  AS  of  the  Earth 
and  Moon  from  the  Sun,  being  equal,  their 
gravities  towards  $ will  alfo  be  equal,  and 
may  be  reprefented  by  thofe  lines  ES  and  AS^ 
Draw  the  line  AL  parallel  and  equal  to  ES, 

- 1 r 

and  join  LS,  which  will  be  parallel  to  AE. 
The  force  AS  may  be  refolved  into  the  two 
forces  AL  and:AE  ; of  which  AL,  by  reafon 
of  its  parallelifm  and  equality  to  ES,  will  not 
difturb  their  relative  motions  or  fituation  : 
but  the  force  AE,  confpiring  with  that  of 
gravity,  will  add  thereto,  and  caufe  the  Moon 
to  fall  farther  below  the  tangent  of  her  orbit 
than  flie  would  if  no  fuch  diflurbing  force  ex- 
ited. Therefore,  at  or  near  the  quadratures, 
the  Moon’s  gravity  towards  the  Earth  is  in- 
creafed  more  than  according  to  the  regular 
courfe,  and  her  orbit  is  rendered  more 
curve.  • '• 


When 


Irregularities  of  the  Moon  s Motion.  199 

When  the  Moon  is  at  the  conjunction  C, 
the  distances  ES  and  CS  not  being  equal,  the 
Moon’s  gravitation  towards  the  Sun  exceeds 
that  of  the  Earth  in  the  fame  proportion  as 
the  fquare  of  ES  exceeds  the  fquare  of  CS. 
And  becaufe  the  excefs  aCts  contrary  to  the 
direction  of  the  Moon’s  gravity  towards,  the 
Earth,  it  diminifhes  the  efFeCl  thereof,  and 
paufes  the  Moon  to  fall  lefs  below  the  tangent 
of  her  orbit  than  fhe  would  if  no  fuch  dis- 
turbing force  exifted.  A like  and  very  nearly 
equal  effeCt  follows,  when  the  Moon  is  at 
the  oppofition  D,  by  the  Earth’s  gravitation 
towards  the  Sun  being  greater  than  that  of 
the  Moon ; whence  their  mutual  gravity  is 
diminifhed  as  in  the  former  cafe.  There- 
fore, at  or  near  the  conjunction  or  oppofition, 
the  Moon’s  gravity  is  diminifhed,  and  her 
orbit  is  rendered  lefs  curve. 

It  is  found,  that  the  force  added  to  the 
Moon’s  gravity  at  the  quadratures,  is  to 
the  gravity  with  which  fhe  would  revolve 
about  the  Earth  in  a circle  at  her  prefent 
mean  diftance,  if  the  Sun  had  no  effeCt  on 
her  motion,  as  1 to  178.^  : and  that  the  force 
fubduCted  from  her  gravity  at  the  conjunction 
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or  oppofition  is  about  double  this  quantity. 
The  influence  of  the  Sun,  then  on  the  whole, 
increafes  the  Moon’s  diftancefrom  the  Earth, 
and  augments  her  periodical  time  ; and  flnce 
this  influence  is  moft  confiderable  when  the 
Earth  is  neareft  the  Sun,  or  in  its  perihelium, 
her  periodical  time  muft  then  be  the  greateft, 
as  appears  like  wife  from  obfervation. 

To  fhew  the  effied  of  the  Sun  in  difturbing 
the  Moon’s  motion  at  any  fituation  between  the 
conjundion  and  one  of  the  quadratures,  fup- 
pofe  at  M (fig.  48 .)  let  ES  reprefent  the  Earth’s 
gravity  towards  the  Sun.  Draw  the  line  MS, 
which  continue  towards  G.  From  M fet  off 
MG,  fo  that  MG  may  be  to  ES,  as  the  fquare 
of  the  Earth’s  diftance  ES,  is  to  the  fquare  of 
the  Moon’s  diftance  MS  ; and  MG  will  repre- 
fent the  Moon’s  gravity  towards  the  Sun. 
From  M draw  ME  parallel  and  equal  to 
ES  j join  FG,  and  draw  MH  parallel  and 
'equal  to  FG.  The  force  MG  may  be  refolved 
into  MF  and  MH ; of  which  MF,  by  rea- 
fon  of  its  parallelrfm  and  equality  to  ES,  will 
not  difturb  the  relative  motions  or  fituation 
of  the  Moon  and  Earth.  MH  then  is  the 
difturbing  force.  Draw  the  tangent  MK  to 
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the  Moon's  orbit,  and  continue  the  radius 
EM  towards  I.  Draw  HI  parallel  to  KM, 
and  interfering  MI  in  I,  and  complete  the 
parallelogram  by  drawing  HK  parallel  to 
IM,  and  interfering  MK  in  K.  The  force 
MH  may  be  refolved  into  MI  and  MK;  of 
which  MI  affers  the  gravity,  and  MK  the 
velocity  of  the  Moon.  When  the  force  MH 
coincides  with  the  tangent;  that  is,  when 
the  Moon  is  350  16'  diflant  from  the  qua- 
drature, the  force  MI,  which  affers  the  gra*- 
vity,  vanifhes ; and  when  the  force  MH 
concides  with  the  radius,  that  is,  when  the 
Moon  is  either  in  the  conjunrion  or  qua- 
drature, the  force  MK  vanifhes.  Between 
the  quadrature  and  the  diifance  of  35°  i6\ 
from  it,  the  line  or  force  MH  falls  within 
the  tangent,  and  confequently  the  force  MI 
is  direred  towards  E,  and  the  Moon’s  gra- 
vity is  increafed  : but,  at  any  greater  diflance 
from  the  quadrature,  the  line  MH  falls  with- 
out the  tangent,  and  the  force  MI  is  direred 
from  E,  the  Moon’s  gravity  being  diminifhed. 
It  is  evident  that  the  force  MK  is  always 
direred  to  feme  point  in  the  line  which 
paffes  through  the  centers  of  the  Sun  and 

Earth; 
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Earth  j therefore  it  will  accelerate  the  Moon  s 
motion,  while  Hie  is  approaching  towards  that 
line,  or  the  conjunction,  and  iimilarly  retard 
it  as  (lie  recedes  from  it,  or  approaches  to- 
wards the  quadrature,  by  confpiring  with  her 
motion  in  the  one  cafe,  and  fub ducting  from 
it  in  the  other.  . 

-*  - -A.  » - ( * 4.  M ^ w.  A * 4 1^.-  » 

x^s  the  Moon’s  gravity  towards  the  Sun  at 
the  conjunction  is  diminifhed  by  a quantity 
.which  is  as  the  difference  of  the  fquares  of 
their  diffances  j and  as  this  difference,  on 
account  of  the  very  great  diffance  of  the  Sun, 
as  nearly  the  fame  when  the  Moon  is  at  the 
•oppofition,  the  mutual  tendency  to  feparate,  or 
diminution  of  gravity,  will  be  very  nearly  the 
.fame.  Whence  it  eafilv  follows,  that  all  the 
irregularities  which  have  been  explained  as 
happening' between  the  quarters  and  conjunc- 
tion muff  in  like  circumffances  take  place 
"between  the  quarters  and  the  oppofition. 

If  the  Moon  revolved  about  the  Earth  in 
a circular  orbit,  the  Sun’s  diffurbing  influ- 
ence being  fuppofed  not  to  adt,  then  this 
influence  being  fuppofed  to  adt  would  con- 
vert the  orbit  into  an  ellipfis.  For  the  in- 
creafe  of  gravity  renders  it  more  curve  at  the 

quadratures;, 
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quadratures,  by  caufing  the  Moon  to  fall 
further  below  the  tangent  and  the  diminu- 
tion of  gravity,  as  well  as  the  increafed  ve- 
locity, renders  the  orbit  lefs  curve  at  the  con- 
junction and  oppofition,  by  caufing  the  Moon 
to  fall  lefs  below  the  tangent  in  a given  time. 
Therefore  an  elhpfis  would  be  defcribed, 
whofe  iefler  or  more  convex  parts  would  be 
at  the  quadratures,  and  whofe  longed  dia- 
meter would  pafs  through  them.  Confe- 
quently  the  Moon  would  be  fartheft  from 
the  Earth  at  the  quadratures,  and  neared  at 
the  conjunction  and  oppofition.  Neither  is 
it  ftrange  that  the  Moon  fhould  approach  or 
-pome  nearer  to  the  Earth  at  the  time  when 
her  gravity  is  the  lead,  fince  that  approach 
is  not  the  immediate  confequence  of  the  de- 
creafe  of  gravity,  but  of  the  curvity  of  her 
orbit  near  the  quadratures ; and  in  like  man- 
ner, her  recefs  from  the  Earth  at  the  qua- 
dratures does  not  arife  immediately  from  her 
decreafed  gravity,  but  from  the  velocity  and 
direction  acquired  at  the  conjunction  or  oppo- 
fition. 

But  as  the  Moon’s  orbit  is,  independant  of 
the  Sun’s  aCtion,  an  ellipfis*  thefe  effects 

take 
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take  place  only  as  far  as  circumftances  will 
allow. 

The  Moon’s  gravity  towards  the  Earth 
being  thus  fubjedt  to  a continual  change  in 
its  ratio,  her  orbit  is  of  no  confiant  form. 
The  law  of  her  gravity  being  nearly  in  the 
inverfe  proportion  of  the  fquares  of  her  dif- 
tances,  her  orbit  is  nearly  a quiefcent  ellipfis; 
but  the  deviations  from  this  law  occafion  her 
apfides  to  move  diredt  or  retrograde,  accord- 
ing as  thofe  deviations  are  in  defedt  or  excefs. 
Astronomers,  to  reduce  the  motion  of  the 
apfides  to  computation,  do  fuppofe  the  re- 
volving body  to  move  in  an  ellipfis,  whofe 
tranfverfe  diameter  or  line  of  the  apfides 
revolves  at  the  fame  time  about  the  focus  of 
the  orbit.  When  the  Moon  is  in  the  con- 
junction or  oppofition,  the  Sun  fubdudts  from 
her  gravity,  as  has  been  Shewn,  and  that  the 
more  the  greater  her  difiance  is  from  the 
Earth,  So  that  her  gravity  decreafes  in  a lets 
proportion  than  the  inverted  ratio  of  the 
Square  of  her  difiance,  and  consequently  her 
apfides  then  move  in  confequentia,  or  diredh 
In  the  quadratures  the  Sun  adds  to  her  gra- 
vity, and  that  the  more  the  greater  her  dif- 

....  ? tance 
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tance  from  the  earth,  fo  that  her  gravity 
decreafes  in  a lefs  proportion  than  the  inverted 
ratio  of  the  fquare  of  her  diftance,  and  con- 
fequently  her  apfides  then  move  in  antece- 
dents, or  retrograde.  But  becaufe  the  adion 
of  the  Sun  fubduds'  more  from  the  Moon’s 
gravity  in  the  conjundion  and  oppofition 
than  it  adds  to  it  in  the  quarters,  the  dired 
motion  exceeds  the  retrograde,  and  at  the 
end  of  each  revolution  the  apfides  are  found 
to  be  advanced  according  to  the  order  of  the 
figns. 

If  the  plane  of  the  Moon’s  orbit  coincided 
with,  that  of  the  ecliptic,  thefe  would  be  the 
only  irregularities  arifing  from  the  Sun’s 
adion ; but  becaufe  it  is  inclined  to  the  plane 
of  the  ecliptic  in  an  angle  of  about  five 
degrees,  the  whole  difturbing  force  does  not 
ad  upon  her  motion  in  her  orbit,  a fmall 
part  of  it  being  employed  to  draw  her  out  of 
its  plane  into  that  of  the  ecliptic. 

Of  the  forces  MK  and  MI,  (fig.  48.) 
which  difturb  the  Moon’s  motion,  MI  being 
always  in  the  diredion  of  the  radius,  can 
have  no  effed  in  drawing  her  out  of  the 

‘ **  7J  ' '■  -■»  - r - ■ ' 

plane  of  her  orbit.  And  if  the  force  MK 

really 
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really  coincided  with  the  tangent,  as  we 
(negledting  the  fmall  deviation  arifing  from 
the  obliquity  of  the  Moon’s  orbit)  have 
hitherto  fuppofed,  it  is  evident  that  its  only 
effedt  would  be  that  of  accelerating  or  retard- 
ing the  Moon’s  motion,  without  affedting  the 
plane  of  her  orbit.  But  becaufe  that  force  is 
always  diredled  to  fome  point  in  the  line 
which  paffes  through  the  centers  of  the  Sun 
and  Earth,  it  is  plain  that  it  can  coincide  with 
the  tangent  only  when  that  line  is  in  the 
plane  of  the  Moon’s  orbit ; that  is  to  fay, 
when  the  nodes  are  in  the  conjundtion  and 
opposition.  At  all  other  times  the  force  MI 
mull  decline  to  the  northward  or  fouthward 
of  the  tangent^  and  compounding  itfelf  with 
the  Moon’s  motion,  will  not  only  accele- 
rate or  retard  it,  according  to  the  circum- 
liances  before  explained,  but  will  likewife 
alter  its  diredlion,  defledting  it  towards  that 
fide  of  the  orbit  on  which  the  point,  towards 
which  the  force  MI  tends,  is  fituated.  This 
defiedtion  caufes  the  Moon  to  arrive  at  the 
ecliptic  either  fooner  or  later  than  fire  would 
otherwife  have  done  ; or,  in  other  words,  it 

occafions  the  interfedlion  of  her  orbit  with  the 
o ' ecliptic 
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ecliptic  to  happen  in  a point  of  the  ecliptic, 
either  nearer  to,  or  further  from,  the  Moon, 
than  that  in  which  it  would  have  happened 
if  fuch  deflection  had  not  taken  place. 

To  illuftrate  this,  let  the  elliptical  projec- 
tion COQN  (fig.  49*)  reprefent  a circle  in 
the  plane  of  the  ecliptic,  MOPN  the  Moon’s 
orbit,  interfering  the  ecliptic  in  the  nodes 
N and  O.  Suppofe  the  Moon  to  be  in  the 
northern  part  of  her  orbit  at  M,  and  mov- 
ing towards  the  node  O ; the  difturbing  force 
MK,  which  tends  towards  a point  in  the 
line  SE  to  the  fouthward  of  the  tangent  MT, 
•will  be  compounded  with  the  tangental  force, 
and  will  caufe  the  Moon  to  deferibe  the 
arc  Mm,  to  which  MR  is  tangent,  inftead 
of  the  arc  MO;  whence  the  node  O is  faid 
to  be  moved  to  m.  In  like  manner  may 
the  motion  of  the  nodes  be  explained  in 
any  other  fituation. 

This  motion  evidently  depends  on  a two- 
fold circumftance,  namely,  the  quantity  and 
direction  of  the  force  MK.  If  the  force  MK 
be  increafed,  its  direction  remaining  the  fame, 
it  will  defledt  the  curve  of  the  Moon  from 

her  orbit  in  a greater  degree;  and  on  the 
<■  other 
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other  hand,  if  its  direction  be  altered,  fo  as 
to  approach  nearer  to  a right  angle  with  the 
tangent,  it  will  caufe  a greater  deflexion, 
though  its  quantity  remain  the  fame.  When 
the  Moon  is  in  the  quadratures,  the  force 
MK  vailifhes,  as  has  been  fhewn,  confe- 
quently  the  nodes  are  then  flationary.  When 
the  Moon  is  at  the  odfant,  or  forty-five 
degrees  from  the  quadrature,  the  force  MK  is 
greatefl  of  all,  and  therefore  the  motion  of 
the  nodes  is  then  moft  confiderable,  as  far  as 
it  depends  on  the  quantity  of  MK.  But  the 
direction  of  this  force  in  like  circumflances  de- 
pends on  the  lituation  of  the  line  of  the  nodes. 
If  the  line  of  the  nodes  coincides  with  the 
line  palling  through  the  centers  of  the  Sun 
and  Earth,  the  force  MK  coincides  with  the 
tangent  of  the  Moon’s  orbit,  and  the  nodes 
are  flationary.  And  the  farther  the  node  is 
removed  from  that  line,  the  farther  is  that 
line  removed  from  the  plane  of  the  Moon’s 
orbit ; till  the  line  of  the  nodes  is  in  the 
quadratures,  at  which  time  the  line  paliing 
through  the  centers  of  the  Sun  and  Earth, 
makes  an  angle  with  the  plane  of  the  Moon  s 

orbit  equal  to  its  whole  inclination,  or  five 

degrees. 
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degrees:  confequently  the  angle  formed  be- 
tween MK  and  the  tangent  in  like  circum- 
ces  is  then  greateft,  MK  being  directed  to  a 
point  in  a line  which  is  further  from  the 
plane  of  the  Moon’s  orbit  than  at  any  other 
time,  and  of  courfe  the  motion  of  the  nodes 
is  then  mod  conliderable.- 

To  determine  the  quantity  and  direction 
of  the  motion  of  the  nodes,  fuppofe  the 
Moon  in  the  quarter  preceding  the  conjunc- 
tion, and  the  node  towards  which  flie  is 
moving  to  be  between  her  and  the  conjunc- 
tion : in  this  cafe  her  motion  is  directed  to 
a point  in  the  ecliptic,  which  is  lefs  diftant 
than  the  point  towards  which  the  force  MK 
is  directed  : the  force  MK  then,  compound- 
ing with  the  Moon’s  motion,  caufes  it  to  be  di- 
ll reeded  to  a point  more  diftant  than  it  would 
otherwise  have  been  ; that  is  to  fay,  the  node,' 

o'  towards  which  the  Moon  moves,  is  moved  to- 

« 

wards  the  conjunction.  When  the  Moon  has 
palled  the  node,  its  courfe  is  directed  to  the  other 
node,  which  is  a point  in  the  ecliptic  more  dif- 
tant than  the  point  to  which  MK  is  directed, 
and  therefore  MK,  compounding  with  her 
Vgl.  I.  P 
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motion,  caufes  it  to  be  direded  to  a point 
lefs  diftant  than  it  would  otherwife  have 

/ i 

been ; fo  that  in  this  cafe  likewife,  the  en- 
fuing  node  is  moved  towards  the  conjunc- 
tion. After  the  has  patfed  the  conjunction 
the  force  MK  fiill  continues  to-  defied  her 
courfe  towards  the  ecliptic,  and  confe- 
quently  the  motion  of  the  node  is  the  fame 
way  till  her  arrival  at  the  quadrature.  Sup- 
pofe  again,  the  Moon  to  be  at  the  conjunc- 
tion, and  the  node  towards  which  the  is 
moving  to  be  between  her  and  the  quadra- 
ture. In  this  cafe  the  force  MK  compound- 
ins  with  the  Moon’s  motion,  caufes  her  to 
move  towards  a point  in  the  ecliptic  lefs  dis- 
tant than  file  would  otherwife  have  done,  fo 
that  the  enfuing  node  is  brought  towards  the 
conjunction.  When  the  Moon  has  pafifed 
the  node,  the  force  MK  ftill  continuing  to 
defied  her  courfe  towards  the  fame  fide  of  • 
her  orbit,  produces  a contrary  effed,  namely, 
as  it  before  occasioned  her  to  converge  to 
the  ecliptic,  fo  it  now  caufes  her  to  diverge 
from  it,  and  her  motion  in  confequence 

tends  continually  to  a-  point  in  the  ecliptic 
* -more 
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more  diftant  than  it  would  otherwife  have 
done  : the  enfuing  node  in  this  inftance  beinjj 
alfo  brought  towards  the  conjunction. 

As  the  disturbing  forces  are  very  nearly  the 
fame  in  the  half  of  the  Moon’s  orbit*  which 
is  fartheft  from  the  Sun*  this  laft  paragrapli 
is  true,  when  Sine  is  in  that  part  of  her  orbit, 
if  the  word  opposition  be  every  where  inferred 
inStead  of  the  word  conjunction. 

Whence  it  is  eafy  to  deduce  this  general 
rule,  that  when  the  Moon  is  in  that  part  of 
her  orbit  neareSt  the  Sun,  the  node  towards 
which  Sine  is  moving  is  made  to  move  to- 
wards the  conjunction  : and  when  She  is  in 
that  part  of  her  orbit  fartheft  from  the  Sun, 
the  node  towards  which  She  is  moving  is 
made  to  move  towards  the  oppofition. 

Suppofe  the  Moon  at  Q^,  (fig.  50.)  or  the 
quadrature  preceding  the  conjunction,  then 
the  enfuing  node,  if  at  900  distance,  or  at 
the  conjunction  C,  will  be  Stationary,  but  if 
it  be  at  a greater  or  lefs  distance,  it  will  be 
brought  towards  C,  (by  the  general  rule.) 
Thus,  if  the  nodes  be  in  the  pofition  MN, 
the  enfuing  node  M,  being  at  a lefs  diftance 
from  Q^than  90%  will  move  towards  C,  or 

P 2,  direCt 
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diredt,  while  the  Moon  moves  through  the 
arc  QM ; after  which  N becomes  the  enfu- 
ing  node,  and  likewrfe  moves  towards  the 
conjunction  C,  or  retrograde  during  the 
Moon’s  motion  through  the  arc  MR.  And 
becaufe  the  arc  MR  exceeds  QM,  the  retro- 
grade motion  exceeds  the  direct.  Again,  if 
the  nodes  be  in  the  pofition  nm,  the  enduing 
node  n being  at  a greater  diftance  from 
than  90°,  will  move  towards  C,  or  retro- 
grade, during  the  Moon’s  motion  through  the 
arc  Q»»  after  which  the  node  m becomes 
the  enfuing  node,  and  likewife  moves  towards 
the  conjunction  C,  or  diredt,  during  her 
motion  through  the  arc  nR.  And  becaufe 
the  arc  Qn  exceeds  nR,  the  retrograde  mo- 
tion here  alfo  exceeds  the  direct.  If  the 
nodes  be.  in  the  quadratures  QR,  the  enfu- 
ing node  R moves  towards  C,  or  retrograde, 
during  the  Moon’s  motion  through-  the  arc 
QR,.  or  almoft  the  whole  femi-orbit.  The 
fame  may  be  fhewn  in  the  other  half  of  the 
orbit  ROQj  and  therefore,  in  every  revolu- 
tion of  the  Moon,  the  retrograde  motion  of 
the  nodes  exceeds  the  diredt;  and,  on  the 

•i  wholei 
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’T/hole,  the  nodes  are  carried  round,  contrary 
of  the  order  of  the  iigns.  : ^ 

The  line  of  the  conjunction  is  by  the 

k? 

Earth’s  annual  motion  brought  into  every 
poflible  fituation  with  refpeCt  to  the  nodes 
in  the  courfe  of  a year,  independant  of  their 
own  proper  motion,  which  occafions  the 
change  of  fituation  to  be  performed  in  about 
i nineteen  days  lefs. 

The  inclination  of  the  Moon’s  orbit  being 
the  angle  which  her  courfe  makes  with  the 
plane  of  the  ecliptic,  it  is  evident  from  what 
has  been  laid,  that  this  angle  is  almoft  con- 
tinually changing.  Suppofe  the  line  of  the 
nodes,  by  its  retrograde  motion,  to  leave  the 
conjunction  C,  (fig.  51.)  and  become  in 
the  fecond  and  fourth  quarters  as  in  the 
pofition  MN,  and  the  Moon  to  move  from 
the  node  M to  the  node  N : then,  becaufe 
the  enfuing  node  N moves  (by  the  general 

(rule)  tov/ards  the  conjunction  C,  while  the 
Moon  is  in  the  nearer  half  of  her  orbit,  the 
Moon’s  courfe  mull  be  continually  more  and 
more  inflected  towards  the  ecliptic,  till  her 
arrival  at  R.  Thi^  inflection  in  the  firft 

ipo0,  or  MA  from  M,  prevents  her  diverg- 

P 3 ing 
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ing  fo  much  from  the  ecliptic  as  fhe  would 
otherwife  have  done ; that  is  to  fay,  it  di- 
minifhes  the  angle  of  her  inclination.  From 
A to  R her  courfe  begins  to  converge 
towards  the  ecliptic,  and  this  convergence 
is  increafed  by  the  infle&ion  which  in  the 
preceeding  90°  prevented  her  divergence:  in 
the  arc  AR  then  her  inclination  is  in- 
creafed. During  her  motion  from  R to  » 
N,  the  node  is  moved  towards  the  oppofi- 
tion  O,  and  confequently  the  angle  of  the 
Moon’s  courfe  to  N is  rendered  lefs  than  it 
would  have  been  if  the  node  has  not  moved; 
or,  in  other  words,  her  inclination  is  dimi- 
nifhed.  And  becaufe  the  arc  MA  added  to 
the  arc  RN  is  greater  than  the  arc  AR,  the 
inclination  at  the  fubfequent  node  is  lefs  than 
at  the  precedent  node  ; and  the  fame  may  be 
ihewn  in  the  other  half  revolution  NQM. 
Therefore,  while  the  nodes  are  moving  from 
the  conjunction  and  oppofition  to  the  quadra- 
tures, the  inclination  of  the  Moon’s  orbit, 
on  the  whole,  diminifhes  in  every  revolution 
till  they  arrive  in  the  quadratures,  at  which 
time  it  is  lead;  of  all.  When  the  line  of  the 
nodes  has  paffed  the  quadratures,  and  is  in 

the 
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the  firft  and  third  quarters,  as  in  the  pofition 
mn,  it  is  eafily  fhewn  by  the  fame  kind  of 
argument,  that  the  inclination  is  increafed 
while  the  Moon  paffes  from  m to  Q^,  then 
dimmifhes  for  the  remainder  of  the  firft  90° 
or  Qjh  and  afterwards  increafed  for  the  other 
90°  or  an:  and  the  fame  may  be  proved 
for  the  other  half  revolution  nRm.  Confe- 
quently,  while  the  nodes  are  moving  from 
the  quadratures  to  the  conjunction  and  oppo- 
sition, the  inclination  is  increafed  by  the 
fame  degrees  as  it  before  was  diminifhed,  till 
they  arrive  at  the  conjunction  and  oppofition, 
at  which  time  it  returns  to  its  firft  quantity, 
being  then  greateft  of  all. 

The  line  of  the  nodes  in  the  courfe  of  one 
•entire  revolution,  with  refpeCt  to  the  Sun,  is 
twice  in  the  quadratures  and  twice  in  the 
conjunction  and  oppofition.  Therefore  the 
inclination  of  the  Moon’s  orbit  to  the  ecliptic 
is  diminifhed  and  increafed  by  turns  twice  in 
every  revolution  of  the  nodes. 

All  the  irregularities  of  the  Moon’s  motion 
arc  a little  greater  when  fhe  is  in  the  half 
of  her  orbit  neareft  the  Sun  than  when  fhe 

is  in  the  other  half  the  reafon  of  which  is, 

P 4 that 
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that  the  difference  between  the  fquares  of 
the  Moon’s  and  Earth’s  didances  from  the 
Sun  is  greater,  after  the  rate,  in  the  for- 
mer than  in  the  latter  cafe  at  equal  elon- 
gations from  the  quadrature,  and  confe- 
quently  the  difturbing  forces  thence  ariling 
mult  be  more  conliderable. 

Although  the  Moon  in  reality  revolves 
about  the  common  center  of  gravity  be- 
tween her  and  the  Earth,  and  not  about 
the  Earth  itfelf,  and  confequently  their  mo- 
tions and  irregularities  are  fimilar,  and  not 
.confined  to  the  Moon  alone ; yet  it  may  be 
eafily  conceived  that  our  conclufions  are  the 
fame,  when,  for  the  fake  of  concifenefs,  we 
fuppofe  one  of  the  two  bodies  to  be  qui- 
efeent,  and  the  other  to  revolve  about  it. 

Irregularities  of  the  fame  kind  take  place 
among  the  primary  planets  by  their  mutual 
adlions  on  each  other,  but  they  are  almoft 
inconfiderable.  Hence  the  apfides  of  the 
inferior  planets  are  found  to  move  in  con? 
fsquentia,  but  fo  very  flowly,  that  fome 
doubt  whether  they  move  at  all.  If  the 
apfides  of  Mars  move  35'  in  a century,  thofe 
of  the  Earth,  Venus,  and  Mercury,  will. 


Irregularities  of  the  Primary  Planets.  217 

by  calculation,  move  1 S'  36",  1 1'  27",  and 
4'  29”  in  the  fame  time.  The  aCtions  of 
the  inferior  planets  on  each  other  are  very 
minute,  on  account  of  the  fmallnefs  of  their 
bulks;  but  thofe  of  Jupiter  and  Saturn  are 
not  altogether  infenfible.  When  Jupiter  is 
between  the  Sun  and  Saturn,  his  whole  at- 
traction aCts  upon  Saturn,  and  increafes  his 
gravity  towards  the  Sun.  This  is  found,  by 
comparing  the  refpeCtive  malfes  of  Jupiter 
and  the  Sun,  and  the  refpeCtive  fquares  of 
their  diftances  from  Saturn,  to  be  equal  to 
q__  of  the  Sun’s  action  upon  Saturn  : which 
confequently  defle.Cts  him  from  his  orbit  fo 
much,  that  it  is  even  obferved  by  aftrono- 
mere.  Saturn,  on  the  other  hand,  at  the 
conjunction,  aCts  upon  Jupiter  and  the  Sun 
in  the  fame  direction,  and  therefore  disturbs 
their  relative  poftion  only  fo  far  as  his  aCtions 
on  each  are  not  equal.  The  difference  of 
thefe  aCtions  is  found  by  the  fame  principles 
£0  be  of  Jupiter’s  whole  gravity. 
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Of  the  Figures  of  the  Planets  ; the  PreceJJion 
of  the  Equinoxes,  and  the  Nutation  of  the  ' 
Poles . | 

Mafs  of  fluid  matter  will,  by  its  gra- 
vity, form  itfelf  into  a fphere.  For  if 
the  whole  mafs  be  conceived  to  be  divided 
into  a number  of  flmilar  pyramids  or  columns, 
which  terminate  in  the  center  of  gravity,  and 
one  of  thefe  columns  be  longer  than  the 
reft,  its  greater  weight  will  caufe  it  to  move 

or  fubfide  towards  the  center,  till  its  weight, 

• > , . 
and  confequently  height,  be  equal  to  that  of 

the  other  columns.  The  fame  is  true  of  any 
other  eminences  or  longer  columns.  There- 
fore, when  all  the  fubfldences  are  effected, 
and  the  mafs  is  at  reft,  its  form  will  be  that 
of  a folid,  whofe  furface  is  every  where  equi- 
diftant  from  its  center.  And  this  is  the  pro- 
perty of  a fphere. 

This  takes  place  in  a mafs  whofe  parts 

i 

preferve  the  fame  lituation  with  refpedt  to  its 

center ; 

i 
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center ; but  if  the  fphere  be  caufed  to  revolve 
on  its  own  axis,  the  centrifugal  force  thence 
arifing  will  diminifh  the  gravity  of  all  its  parts, 
except  thofe  which  are  fituated  in  the  axis  of„ 
rotation.  This  diminution  will  be  greatefl 
in  the  equator,  becaufe  of  the  increafepl  ve- 
locity, and  becaufe  the  centrifugal  force  adts 
diredtly  againft  the  force  of  gravity.  And  the 
nearer  the  parallel  of  latitude  or  circle  of  ro- 
tation is  to  the  pole,  the  lefs  will  the  gravity 
of  the  parts  be  affedted,  both  the  above  men- 
tioned caufes  being  lefs.  Whence  the  equili- 

Ibrium,  which  before  fubfifted  between  the 
columns  in  a fpherical  figure,  will  be  deftroy- 
ed,  and  the  fame  effedt  muft  take  place,  as 
would  follow  if  the  columns  at  the  equator 
were  fhortened  ; that  is,  the  columns  towards 
the  poles  will  fubfide,  and  thofe  at  the  equa- 
tor be  elevated,  till  the  difference  of  their 
lengths  compenfates  for  the  difference  of  their 
gravities.  Thus  the  fphere,  by  its  rotation, 
will  be  changed  into  a folid,  whofe  radii  are 
longeft  near  the  equator,  and  fhortefi:  towards 
the  poles,  the  axis  being  the  fhortefi:  of  all  its 
diameters. 

By  a computation  grounded  on  thefe  and 
°tl-^  confiderations,  it  is  fhewn,  that  bodies 
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at  the  equator  of  the  Earth  lofe  in, Ore  than 
W part  of  their  gravity,  and  that  the  equa- 
torial diameter  is  to  the  axis  as  230  to  229, 
upon  the  fuppofition  that  the  Earth  is  every 
where  of  the  fame  uniform  denfity.  For 
what  has  been  faid  of  a fluid  mafs  will  hold 
good  of  the  Earth,  fince  if  it  were  not  of 
this  figure,  but  fpherical,  the  ocean  would 
overflow  the  regions  near  the  equator,  and 
leave  the  polar  regions  elevated  many  miles 
above  the  level  of  the  fea.  But  experience 
ihews,  that  the  land  is  in  general  no  more 
elevated  above  the  fea  in  one  part  of  the  globe 
than  another. 

This  decreafe  of  gravity  near  the  equator 
is  remarkably  leen  in  the  motion  of  pendu- 
lums. For  a pendulum,  which  in  a higher 
latitude  vibrates  feconds,  is  found  to  go  flower 
at  the  equator,  and  that  in  a much  greater 
proportion  than  can  arife  from  the  lengthen- 
ing of  the  rod  by  heat,  nay,  even  in  the  cold- 
eft  parts  of  the  mountains  of  Spanifh  America, 
which  areconftantly  covered  with  foow.  From 
the  juft  mentioned  quantity  of  diminution  of 
gravity,  it  is  not  difficult  to  compute  the  length 
q{ a pendulum  which  (hall  vibrate  feconds  in  a 

given 
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given  latitude,  and  from  the  agreement  of  thefe 

O 

computations  with  experience,  the  oblatefphe- 
roidal  figure  of  the  Earth,  as  alfo  the  diurnal 
rotation  from  which  it  originates,  are  both 
confirmed. 

The  fame  conclufion  has  likewife  been  ob- 
tained from  the  labours  of  many  ingeniou3 
and  learned  men,-  who  have  a&ually  meafured 
the  length  of  a degree  of  the  meridian  in 
different  latitudes,  by  which  it  appears  that 
the  degrees  are  fhorter  towards  the  poles  than 
near  the  equator.  And  as  the  radius  muff 
confequently  be  fhorter,  the  polar  regions  arc 
nearer  the  center,  or  in  other  words,  the 
Earth  is  flatted  at  the  poles. 

Thefe  menfurations  conftitute  the  experi- 
mental proof  of  the  Earth’s  rotation  on  its 
axis;  for  it  is  evident  that  a centrifugal  force 
cannot  be  produced  but  by  an  abfolute  mo- 
tion : and  as  the  effects  of  this  force  are  ob~ 
ferved  in  the  figure  of  the  Earth,  and  not  at 
all  in  the  heavens,  the  motion  of  the  Earth 
mud  be  abfolute  and  real,  and  that  of  the 
heavens  only  relative  and  apparent. 

The  planet  Jupiter  revolves  on  its  axis  in 
v lefs  than  ten  hours ; a rapidity  which  much 

exceeds 
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exceeds  that  of  the  Earth ; and  his  figure 
differs  accordingly  much  more  from  that  of  a 
fphere,  his  equatorial  diameter  exceeding  his 
polar  diameter,  according  to  the  obfervations 
of  aftronomers,  as  13  to  12. 

If  a number  of  fluid  bodies  revolved  about 
the  Earth  at  equal  diftances  from  its  center, 
they  would,  by  the  action  of  the  Sun  or  any 
other  planet  be  fubjedt  to  the  fame  irregula- 
rities as  the  Moon ; that  is,  they  would  ap- 
proach nearer,  and  move  fwifter  at  the  con- 
junction and  oppofition  than  at  the  quadra- 
tures. And  if  this  number  were  fo  great  as 
to  become  contiguous,  and  form  a fluid  ring 
or  circle,  the  parts  of  this  ring  would  be 
affected  in  the  fame  manner.  If  it  were  in- 
clined to  the  ecliptic,  the  nodes  would  be 
ffationary  when  in  the  conjunction  and  oppo- 
fition, and  be  carried  in  a retrograde  direction 
in  the  other  revolutions,  but  moff  fwiftly 
when  they  were  fituatcd  in  the  quadratures. 
Its  inclination  would  likewife  vary  in  every 
revolution,  and  in  a period  fomewhat  lefs 
than  a periodical  year  would  be  diminifhed 
and  increafed,  by  turns,  twice. 


Suppofe 
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Suppofe  this  fluid  ring  to  be  of  the  fame 
diameter  as  the  Earth,  to  be  placed  in  a ca- 
vity hollowed  round  the  Earth  at  the  equator, 
and  to  revolve  in  the  fame  time  and  direc- 
tion as  the  Earth  does  on  its  axis.  It  would 
then  move,  at  the  conjunction  and  oppofition, 
fwifter  than  the  furface  of  the  Earth,  and 
flower  at  the  quadratures  ; and  confequently, 
with  refpeCt  to  the  furface  of  the  Earth,  would 
ebb  and  flow  like  a fea.  For,  by  reafon  of 
the  increafed  fwiftnefs  at  the  conjunction  and 
oppofition,  and  the  retardation  at  the  quadra- 
tures, the  fluid,  between  the  conjunction  or 
oppofition  and  the  enfuing  quadrature,  would 
form  a cumulus  or  heap,  while  a correfpon- 
dent  defeCt  would  happen  in  the  other  qua- 
drants which  precede  the  conjunction  and 
oppofition. 

If  this  ring  be  now  fuppofed  to  be  frozen 
or  converted  into  a folid,  the  flux  and  reflux 
will  ceafe,  but  the  precefiion  of  the  nodes  and 
the  libratory  increafe  and  decreafe  of  the  in- 
clination will  remain.  Suppofe  the  ring  to 
adhere  to  the  furface  of  the  Earth  at  the 
equator,  inflead  of  being  admitted  into  a 
cavity  it  will  then  communicate  part  of  its 
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motion  to  the  Earth,  the  nodes  of  whole' 
equator  will  recede,  but  with  a much  flower 
motion  than  thofe  of  the  rins:  w'ould  have 
receded,  if  it  had  not  adhered  to  the  Earth, 
and  the  obliquity  or  angle  which  the  equator 
makes  with  the  ecliptic,  will  be  diminifhed 
and  increafed  alternately  twice  in  a year.  The 
elevation  of  the  equatorial  parts  have  the' 
fame  effedl  as  fuch  a ring  would  have  j for 
the  excels  of  matter  in  thofe  regions  fupplies- 
its  place.  • 

Aftronomers  begin  the  year  in  the  Spring, 
when  the  Sun  is  in  that  node  of  the  equator, 
or  equinoctial  point  at  which  the  days  begin 
to  lengthen  in  the  northern  hemifphere.  Now 
it  is  plain,  that  if  the  equino&ial  points  had 
iio  motion,  the  Earth  would  complete  one 
revolution  in  her  orbit  in  the  fame  time  that 
the  Sun  employs  in  apparently  pafling  from 
one  of  the  equinoxes,  and  returning  again  to' 
the  fam£.  But,  becaufe  of  the  retrograde 
motion,  the  line  of  the  nodes  of  the  equator,- 
or  diameter  of  the  Earth  which  joins  the 
equinodlial  points,  is  brought  to  coincide 

again  with  the  line  which  joins  the  centers 
of  the  Sun  and  Earth,  before  her-  periodical 

revolutions 
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revolution  is  completed;  and  therefore  the 
circle  of  the  feafons  is  performed  in  lefs  time 
than  the  Earth’s  revolution  in  her  orbit.  The 
a&ions  both  of  the  Sun  and  Moon  on  the 
redundant  matter  in  the  equatorial  regions 
tend  to  produce  this  motion,  Vvdiich  is  fo 
flow,  that  a complete  revolution  will  not  be 
finifhed  in  lefs  than  twenty-five  thoufand 
years.  This  is  called  the  precefiion  of  the 
equinoxes,  and  is  the  reafon  that  the  fixed 
Ears  appear  to  advance  in  longitude  about  50 
feconds  of  motion  in  a year ; whence  it  has 
happened,  thatfince  the  time  of  Ptolemy,  the 
zodiacal  figures  have  advanced  the  greatefl 
part  of  a whole  fign  : the  conftellation  Aries 
being  fituate  in  that  part  of  the  ecliptic  which 
is  denominated  from  Taurus,  Taurus  in  the 
place  of  Gemini,  &c.  The  difference  be- 
tween the  natural  year  or  period  of  the  feafons, 
and  the  periodical  year,  or  time  of  the  Earth’s 
revolution  in  her  orbit,  is  20m  17s;  for  the 
natural  year  confifts  of  363d  f 48  57";  and 
the  periodical  year  of  363d  6h  g 14". 

The  libratory  variation  of  the  inclination 
of  the  equator  to  the  ecliptic  is  termed  the 
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nutation  of  the  poles,  and  is  much  too  fmali 
to  be  fenfible  by  any  of  the  prefen t methods 
of  obfervation. 

C H A P.  IV. 

Of  the  Tides. 

THOUGH  the  caufe  of  the  tides  may 
be  colle&ed  from  what  was  faid  in  the 
laft  chapter ; yet,  as  it  is  the  only  vulgar  in- 
ftance  we  have  of  the  mutual  gravitation  of 
the  cceleftial  bodies,  and  was  the  Nodus  Phi- 
lofophorum  before  Sir  Ifaac  Newton,  it  may 
not  be  amifs  to  give  a more  particular  ex- 
planation of  it. 

If  the  Earth  wete  every  where  covered  with 
a deep  fea,  it  is  plain,  from  the  reafons  be- 
fore recited,  that  the  water  would  not,  in 
the  diurnal  rotation,  move  with  the  fame 
uniform  velocity  as  the  Earth.  For,  if  the 
apparent  diurnal  revolution  of  the  Moon  be 
called  a lunar  day,  and  be  divided  into  twenty- 
four  equal  parts  or  hours,  the  water  which 
is  lituated  on  the  meridian  over  which  the 

Moon 
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Moon  at  any  time  is,  will  move  fwifter,  and 
the  water  which  is  fituated  in  the  meridian 
fix  hours  to  the  eaftward  or  weftward,  will 
move  (lower : fince  the  water  on  each  parallel 
of  latitude  may  be  conceived  to  be  a fluid 
ring,  and  will  be  affeded  by  the  difturbing 
force  nearly  in  proportion  to  its  diameter. 
The  fea,  then,  being  accelerated  at  the  me- 
ridian upon  which  the  Moon  is,  and  retarded 
at  the  meridian,  which  is  90°  or  6 hours  to  the 
eaftward,  will  be  accumulated  between  the  two 
places  ; its  greateft  height  being  at  the  half  dis- 
tance, or  meridian  which  the  Moon  has  palled 
three  hours.  And  on  the  other  hand,  the 
retardation  at  the  quadrature  to  the  weftward, 
preventing  the  water  from  flowing  as  faft  as 
the  acceleration  at  the  meridian,  at  which  the 
Moon  is,  carries  it  away,  the  fea  mud  of 
courfe  be  deprefted  between  the  two  places, 
its  greateft  deprefiion  being  at  the  half  diftance, 
or  meridian  at  which  the  Moon  will  arrive  in 
three  hours.  A fimilar  accumulation  and 

1 diminution  will  happen  at  the  places  which 
are  diametrically  oppofite  to  thofe  here  de^ 
fcribed,  though  not  altogether  fo  great.  The 
difturbing  force  of  the  Suq  will  adt  in  a like 

0^.2  manner. 
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manner,  but  lefs  firongly ; for  though  th6 
Moon  s attractive  force  be  vaftly  lefs  than 
that  of  the  Sun;  yet,  becaufe  her  diftance  in 
companion  to  that  of  the  Sun  from  the  Earth 
is  very  fmall,  the  forces  with  which  fine  ads 
on  different  parts  of  the  Earth  will  vary  more 
confiderably  from  parallelifm  and  equality; 
and  the  irregularities  in  any  fyftem,  which  arife 
from  the  actions  of  forces  from  without, 
are  occafioned,  not  by  the  whole  adions  of 
the  forces,  but  only  by  their  differences  in 
quantity,  or  want  of  parallelifm  in  direction. 

Thus,  it  is  evident,  that  the  fea,  as  far  as 
circumflances  allow,  niufl  in  every  place  be 
railed  to  its  greateft  and  lealb  height,  alter- 
nately twice  in  each  lunar  day.  Being  ele- 
vated once  at  three  luna'r  hours  after  the  Moon 
has  paffed  the  meridian  of  the  place,  and  once 
at  twelve  hours  after,  or  three  hours  after 
the  Moon  has  paffed  the  oppofite  part  of  the 
fame  meridian  ; and  at  fix  hours  after  each  of 
thefe  elevations  its  greateft  depreffions  fol- 
low. This  appears  by  the  tides  in  the  Atlan- 
tic ocean  on  theweftern  coafts  of  Europe  and 
Africa,  and  in  the  Pacific  ocean  on  the  open 
coafts  of  Alia  and  America,  where  high-water 

always 
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always  happens  about  the  third  hour  after  the 
Moon  has  paffed  the  meridian,  except  where 
the  motion  pf  the  fea  is  fomewhat  impeded 
by  flats  or  fhoals. 

The  effects  of  the  difturbing  forces  of  the 
Sun  and  Moon  are  not  feen  diftindly,  but 
compounding  with  each  other  produce  a 
motion  which  is  different  from  what  would 
have  arifen  from  the  Angle  adion  of  either 
luminary.  At  the  time  of  the  conjundion  or 
oppofttion  their  effeds  are  united,  and  the 
tides  are  greateft,  being  what  are  called 
Spring-tides.  When  the  Moon  is  in  the 
quadrature,  the  Sun’s  adion  raifes  the  water 
where  the  adion  of  the  Moon  depreffes  it, 
and  depreffes  it  where  the  adion  of  the  Moon 
raifes  it : from  the  difference  of  their  adions 
therefore  arifes  the  leaf!:,  or,  as  they  are 
called,  Neap-tides.  And,  becaufe  the  adion  of 
the  Moqn  exceeds  that  of  the  Sun,  high-water 
follows  the  third  lunar  hour.  At  other  times 
high-water  arifing  from  the  lunar  force  would 
happen  on  the  third  lunar  hour,  and  that  which 
arifes  from  the  Sun’s  force  on  the  third  folar 
hour ; but  the  forces  being  compounded,  pro- 
duce a tide  which  happens  at  fome  intermedi- 

0^3  ate 


23  O'  • Of  the  ’tides. 

ate  time,  but  which,  on  account  of  the  greater 
force,  is  neared  to  the  third  lunar  hour.  Confe- 
quently,  when  the  third  folar  hour  precedes  the 
third  lunar  hour,  as  is  the  cafe  while  the  Moon 
is  in  the  fir  ft  and  third  quarters,  high-water 
happens  fooner  than  the  third  lunar  hour,  and 
the  contrary  happens  when  the  third  lunar  hour 
precedes  the  third  folar  hour,  as  in  the  fecond 
and  fourth  quarters.  It  is  to  he  noted,  that 
we  have  not  here  made  any  diftindtion  be- 
tween the  hour  of  the  Sun  or  Moon’s  palling 
the  meridian  above  the  horizon,  or  beneath 
it;  the  effedt  being  nearly  the  fame  with 
refpedt  to  the  tides. 

The  effedts  of  the  difturbing  forces  of  the 
Sun  and  Moon  depend  likewife  upon  their 
refpedfive  diftances  from  the  Earth.  For 
thefe  effedts  are  greater  at  lefs  diftances. 
And  therefore  in  winter,  when  the  Earth  is 
in  her  perihelium,  the  Sun  being  nearer, 
caufes  the  fpring- tides  to  be  fomewhat  greater 
and  the  neap-tides  fomewhat  lefs,  than  in  the 
fummer ; and  the  Moon  being  each  month 
in  her  perigeum,  does  then,  in  like  circum- 
ftances,  caufe  greater  tides  than  at  other 
times ; whence  it  happens,  that  if  a great 

fpring- 
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Spring-tide  happens  when  the  Moon  is  in  her 
perigeum,  the  next  fpring-tide  will  be  lefs, 
becaufe  the  Moon  will  be  then  in  her  apo- 
geum,  or  greateft  diftance. 

The  tides  vary  likewife  in  confequence  of 
the  varying  declinations  of  the  Sun  and  Moon. 
For  if  either  of  thefe  luminaries  were  fup- 
pofed  to  be  at  the  pole,  it  would  neither  acce- 
lerate nor  retard  the  diurnal  rotation  of  the 
water,  but  would  occaflon  a conftant  eleva- 
tion at  the  poles,  by  diminishing  the  effect 
of  gravity  there,  and  a conftant  depreftion  at 
the  equator.  Therefore,  no  alternate  rife 
and  fall  of  the  water  or  tide  would  be  pro- 
duced. Consequently,  as  the  Sun  and  Moon 
decline  towards  the  pole,  they  gradually  lofe 
their  effects,  and  the  tides  become  lefs  consi- 
derable. When  the  Sun  is  in  the  equator, 
and  the  Moon  at  the  tropic,  or  her  greateft 
declination,  the  tides  are  lefs  than  when  the 
Moon  is  at  the  equator,  and  the  Sun  in  the 
tropic  : becaufe  in  the  firft  cafe  the  Sun’s 
influence  is  the  greateft  poflible,  and  the 
Moon’s  leaft ; and  in  the  latter  the  Moon’s 
influence  is  the  greateft  poflible,  and  the 
Sun  s leaft : and  as  the  tides  depend  more 
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upon  the  Moon’s  influence  than  that  of  the 
Sun,  they  are  greatefl  when  her  adtion  is 
greatefl:.  When  the  Sun  and  Moon  are  both 
in  the  equator,  the  fpring-tides  are  the  greatefl; 
of  any.  However,  becaufe  the  Earth  is 
nearer  the  Sun  in  winter  than  in  fummer,  the 
greatefl;  autumnal  fpring-tides  are  generally 
later  than  the  equinox  $ and  the  greatefl:  ver- 
nal fpring-tides  are  generally  before  the 
equinox.^ 

When  the  Moon  declines  either  to  the 
northward  or  fouthward  of  the  equator,  one 
of  the  greatefl  elevations  of  the  water  follows 
the  Moon,  and  defcribes  nearly  the  fame 
parallel  of  latitude  as  the  Moon,  by  the  diur- 
nal motion,  apparently  defcribes ; and  the 
other  greatefl  elevation  being  diametrically 
oppoflte*  mufl,  of  courfe,  defcribe  a parallel 
of  latitude  at  an  equal  diflance  on  the  other 
fide  of  the  equator.  The  greatefl  elevation, 
which  moves  on  the  fame  fide  of  the  equator 
with'  a given  place,  will  come  nearer  to  it 
than  the  oppofite  elevation ; and  therefore 
when  the  Moon  declines  towards  the  fame 
fide  of  the  equator,  as  that  on  which  the 
given  place  is  floated,  the  day- tides,  or 

tides 
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tides  which  happen  while  the  Moon  is  above 
the  horizon,  will  be  greateft,  and  the  night- 
tides,  or  thofe  which  happen  while  fhe  is 
beneath  the  horizon,  will  be  lead'.  And  the 
contrary  happens  when  the  Moon  declines  to 
the  other  fide  of  the  equator.  Thus,  the 
elevation  at  high-water  is  alternately  greater 
and  lefs ; and  the  difference  is  greateft  when 
the  Sun  and  Moon  both  defcribe  the  fame 
tropic,  becaufe  the  oppofite  elevations  then 
defcribe  the  tropics,  which  are  the  fartheft 
from  each  other  of  any  two  parallel  circles 
they  can  poffibly  defcribe.  This  difference 
is  found  to  be  about  a foot  at  Plymouth,  and 
fifteen  inches  at  Briftol. 

If  the  a&ions  of  the  Sun  and  Moon  were 
to  ceafe  at  once,  the  tides  would  not  imme- 
diately ceafe,  but  would  continue  for  fome 
time  by  the  undulating  motion  of  the  water. 
This  undulation  would  be  greater,  if  the 
adtions  were  to  ceafe  at  the  time  of  a great 
tide  than  at  the  time  of  a lefs ; and  therefore 
lefs  tides,  which  fucceed  greater,  are  more 
increaled  by  it  than  greater  tides  which  fuc- 
ceed lefs : confequently  the  difference  between 
the  tides  is  rendered  lefs  than  it  would  other- 

wife 
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wife  have  been,  and  the  greateft  fpring  and 
neap-tides  do  not  happen  precifely  at  the 
conjunction  or  oppofition  and  quadratures, 
but  two  or  three  tides  later. 

If  the  greateft  acceleration  and  retardation 
of  the  diurnal  motion  cannot  fubfift  in  the 
lame  fea  at  the  fame  time,  the  accumulation 
or  defedt  muft  confequently  be  lefs ; that  is 
to  fay,  if  one  of  the  fhores  or  coafts  of  any 
fea  be  lefs  than  ninety  degrees  to  the  eaftward 
or  weftward  of  the  other,  and  the  eaftern 
coaft,  for  inftance,  be  immediately  under  the 
Moon,  the  acceleration  will,  by  caufmg 
the  water  to  rife,  occahon  a defedl  or  fall  to 
the  weftward,  becaufe  the  weftern  parts,  be- 
ing retarded,  do  not  follow  with  a velocity 
fuflicient  to  fupply  what  is  carried  to  the 
eaftward  by  the  acceleration  : and  the  greater 
this  retardation  the  greater  the  defedl:  or  fall. 
But  fince  by  the  fuppofition  the  weftern  fhore 
is  not  ninety  degrees  diftant,  the  retardation 
is  not  there  fo  great  as  it  would  have  been 
had  the  fea  been  wider ; and  therefore  the  fall 
is  not  fo  great.  By  a like  argument  it  ap- 
pears, that  when  the  Moon  is  at  the  meri- 
dian of  the  weftern  coaft  the  elevation  is  lefs, 

if 
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if  the  fea  be  lefs  than  ninety  degrees  frorr* 
eaft  to  weft.  Hence  in  fmall  inland  Teas  the 
tides  are  inconfiderable ; and  for  this  caufe, 
in  the  Atlantic  ocean  the  tides  do  not  rife  fq 
high  between  the  tropics  as  they  do  farther 
to  the  north  or  fouth,  the  fea  being  narrower 
between  America  and  Africa  in  the  lower, 
than  in  the  higher  latitudes.  From  hence 
alfo  follows  the  reafon  why  the  tides  are  fo 
fmall  -as  they  are  found  to  be  at  the  iftands  of 
St.  Helena  and  Afcenfion,  which  lie  in  the 
middle  of  that  fea;  for,  fince  the  water  cannot 
rife  on  the  one  fhore  but  by  falling  at  the 
other,  it  muft  continue  at  a mean  height  at 
thefe  intermediate  diftant  iftands. 

This  theory  of  the  tides  is  perfectly  con- 
fentaneous  to  experience  in  the  open  and  deep 
oceans j and  in  the  lefler  feas,  as  has  been 
obferved,  the  tides  are  very  fmall.  But,  when 
thofe  lefler  feas  have  a free  communication 
with  the  ocean,  the  tide  flows  into  them  in  a 
kind  of  wave,  which  on  its  arrival  at  any 
place  caufes  high-water.  Thus  it  is  high- 
water  in  the  ocean  to  the  weft  ward  of  Eng- 
land and  Ireland  at  the  third  lunar  hour;  after 
which  it  begins  to  fubfide.  This  fubfid'ence 
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mu  ft,  of  courfe,  raife  the  water  round  about, 
whence  a flood  begins  to  enter  the  Englifh 
channel  at  about  the  flxth  hour;  its  courfe 
being  retarded  by  the  fhallownefs  of  the  water. 
Another  flood  enters  the  German  fea  to  the 
northward,  near  the  Orkney  iflands,  and  pro- 
ceeds to  the  feuthward.  As  thefe  floods 
proceed  on  their  refpe&ive  courfes,  it  is  high- 
water  fucceflively  at  every  place  on  the  coafts  at 
which  they  arrive,  and  when  the  wave  has 
pafled  any  place  the  water  begins  there  to 
fubflde.  For  example;  it  is  high-water  at 
Plymouth  about  the  flxth  hour,  at  the  Ifle  of 
Wight  about  the  ninth  hour,  and  at  London- 
bridge  about  the  fifteenth  hour  after  the 
Moon  has  pafled  the  meridian,  and  caufed 
the  tide  in  queftion.  Therefore,  when  it  is 
high-water  at  Plymouth  the  water  out  at  fea 
has  half  fubflded ; when  it  is  high-water  at 
the  Ifle  of  Wight  it  is  low-water  out  at  fea; 
and  when  it  is  high-water  at  London-bridge 
it  is  low-water  at  the  Ifle  of  Wight,  and  a 
fecond  flood  or  elevation  has  already  come  to 
its  height  out  at  fea. 

There  are  fituations  where  the  tide  may 

be  carried  to  the  fame  port  by  diflerent  paf- 
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fa^es  or  channels,  and  may  pafs  quicker 
through  one  paffage  than  another : in  which 
cafe,  the  fame  tide,  arriving  at  different 
times  through  the  different  paffages,  muff 
occafion  a variety  of  phenomena.  Suppofe 
two  equal  tides  to  arrive  at  the  fame  port 
from  different  places  j the  one  at  the  third, 
and  the  other  at  the  ninth  hour  after  the 
Moon  has  paiTed  the  meridian ; the  firff 
tide  therefore  preceding  the  latter  by  fix 
hours ; and  fuppofe  the  Moon  to  be  at  the 
equator:  then,  every  fix  hours  a tide  will 
arrive,  which,  flowing  in  at  the  fame  time 
as  the  preceding  equal  tide  ebbs  out,  will 
caufe  the  water  to  continue  at  the  fame 
height,  and  thus  it  will  neither  rife  nor  fall 
during  the  whole  day.  But,  if  the  Moon 
decline  from  the  equator,  the  tides  in  the 
ocean  will  be  alternately  greater  and  lefs, 
as  has  been  obferved ; and  therefore  there 
will  arrive  at  this  port,  alternately,  two 
greater  floods  proceeding  from  the  greater 
tide  in  the  ocean,  and  two  leffer  floods  pro- 
ceeding from  the  leffer  tide  in  the  ocean. 
At  the  mean  or  intermediate  time  between 
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the  arrivals  of  the  two  greater  tides*  the 
water  will  then  be  highed  * between  a 
greater  and  a lefler  tide  it  will  be  at  a mean 
height  * and  lowed  of  all  at  the  middle  time 
between  the  arrivals  of  the  two  leder  tides. 
By  thefe  means,  in  the  fpace  of  twenty- 
four  hours*  the  fea  will  rife  to  its  greated, 
and  fall  to  its  lead  height  but  once,  in- 
ftead  of  twice,  as  in  general  it  does  in 
other  places*  and  if  the  Moon  decline  to-' 
wards  the  fame  fide  of  the  equator,  as  that 
on  which  the  port  is  fituated,  the  two  greater 
tides  will  arrive  at  the  third  and  ninth  hours, 
and  the  greated  elevation  will  be  at  the 
fixth  hour,  or  at  about  the  fetting  of  the 
Moon:  the  lead  elevation  will  confequently 
happen  between  the  two  lead  tides,  at  the 
eighteenth  hour,  or  about  the  rifing  of  the 
Moon.  And  the  fame  effedts  will  take  place 
when  the  Moon  declines  to  the  contrary  fide 
of  the  equator  * but  with  this  difference,  that 
whereas  high  and  low  water  happened  then 
refpedtively  at  the  fetting  and  rifing  of  the 
Moon,  they  will  in  the  prefen t cafe  happen 
refpedtively  at  the  rifing  and  fetting  of  the 
Moon. 
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A remarkable  inftance  of  all  thefe  par- 
ticulars is  adduced  by  Dr.  Halley,  in  the 
port  of  Batlha,  in  the  kingdom  of  Ton- 
quin,  which  lies  in  20°  50'  north  latitude. 
There,  on  the  day  on  which  the  Moon 
paffes  the  equator,  the  water  Magnates » 
afterwards,  on  the  Moon’s  declining  to  the 
northward,  it  begins  to  ebb  and  flow  * 
hot  twice  in  the  day,  as  in  other  ports* 
but  once  only;  and  high-water  happens 
at  the  fetting,  and  low-water  at  the  rifl- 
ing of  the  Moon.  The  tides  increafle  with 
the  Moon’s  declination  for  fleven  or  eight 
days ; after  which,  for  the  next  fleven  days* 
they  decreafe  by  the  flame  gradation  as 
they  before  increafed,  till  the  Moon’s  am* 
val  again  at  the  equator,  when  they  ceafc, 
and  upon  her  changing  her  declination 
are  reverfed.  For  while  her  declination  be* 
comes  foutherly,  low-water  happens  at  the 
fetting,  and  high-water  at  the  riling  of  the 
Moon ; which  continues  till  her  declina* 
nation  again  changes.  Now  it  appears, 
that  the  tide  muft  come  to  this  port  by 
two  inlets  or  palfages;  one  between  the 
continent  of  China  and  the  ifland  Luco* 

nia. 
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nia,  communicating  with  the  Chinefe  ocean, 
and  the  other  between  the  ifland  of  Bor- 
neo and  the  continent.  But  whether  the 
tide  arriving  from  the  Indian  ocean  after  a 
courfe  of  twelve  hours,  and  from  the  Chi- 
nefe ocean  after  a courfe  of  fix,  and  thence 
happening  on  the  third  and  ninth  lunar 
hours  be  the  caufe  of  thefe  appearances; 
or  whether  fome  other  circumftances  may 
not  be  concerned  in  producing  the  effedt, 
mud;  be  determined  by  future  obfervations 
on  the  neighbouring  coafts. 
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SECT.  I. 

t 

Of  Light  and  Colours . 


CHAP.  I. 

Of  the  limited  State  of  the  human  Faculties . 

IN  the  former  part  of  this  treatife,  out  at- 
tention was  chiefly  engaged  by  thofe  phe- 
nomena which  arife  from  the  motions  and 
mutual  actions  of  bodies  whofe  magnitudes 
are  confiderable  enough  to  become  the  objects 
of  fenfe.  But  the  motions  by  which  the 
operations  of  nature  are  performed,  are  not, 
for  the  mod;  part,  within  the  reach  of  our 
faculties;  either  by  reafon  of  the  minutenefs 
of  the  fyftem  of  moving  and  mutually  adting 
bodies,  or  the  celerities  of  their  motions. 
Vol.  I,  R Our 
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Our  fenfes  are  bounded  on  either  hand,  by  an 
immenlity,  of  which  an  exceedingly  fmall 
part  comes  under  their  perception.  We 
reafon  concerning  motion  and  attraction,  but 
can  form  no  conception  of  either:  we  judge 
from  effects  only  ; their  caufes  are,  and  pro- 
bably will  for  ever  be,  myfterious.  The  laws 
of  motion,  for  inftance,  are  founded  on  no 
reafoning  : in  vain  tire  mefcaphyfician  attempts 
to  demonflrate,  that  a body  will  preferve  its 
ftate  of  uniform  motion  or  reft ; it  is  expe- 
rience alone  that  has  afforded  the  proof. 
Reafon  is  founded  in  the  comparifon  of  ideas; 
and  when  we  are  arrived  at  the  fountain  head 
of  our  knowledge,  when  we  have  brought 
our  principles  to  the  utmoft  poffible  degree 
of  fimplicity,  the  fearch  is  at  an  end  : want 
of  materials  prevents  all  further  progrefs. 

Thus  the  bounded  ftate  of  our  facul- 
ties by  which  thofe  materials  are  acquired, 
is  an  infurmoun table  bar  to  the  perfection  of 
our  knowledge.  In  things  or  aCts  of  the 
fame  nature  reafon,  by  the  method  of  ana- 
logy, is  able  to  carry  us  far  beyond  the  im- 
mediate fphere  of  our  l'enfes  : but  when  the 
object  is  of  a different  nature  from  any  fore- 
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gone  perception,  it  may  frequently  be  fuch  as 
intirely  to  elude  them,  and  of  courfe,  never  to 
come  under  the  notice  of  the  reafoning  fa- 
culty. It  is  impoffible  for  a blind  man  to 
form  any  idea*,  of  the  manner  in  which  we 
who  fee  are  affedted  by  colours  3 for  though  an 
inftance  is  recent  of  a * teacher  of  optics, 
who  never  was  endued  with  fight,  yet  his 
knowledge  was  merely  that  of  the  mathe- 
matical part,  which  may  be  obtained  from 
the  abflradted  confideration  of  lines  and 
angles.  It  is  therefore  not  only  poffible, 
but  very  probable,  that  there  may  be  many 
agents  in  nature  which  efcape  our  obferva- 
tion  merely  for  want  of  additional  fenfes.  If 
the  fenfation  of  the  olfadtory  nerves  were  as 
obtufe  as  that  of  thofe  nerves  which,  being- 

O 

diftributedover  the  furfaceof  the  body,  are  fup- 
pofed  to  he  the  organs  of  feeling,  it  is  evident 
that  we  fhould  not  fo  much  as  fufpedt  that  fuch 
potent  and  plentiful  emanations  were  con- 
llantly  flowing  from  odoriferous  bodies  3 for 
they  are  too  minute  to  affedt  the  touch,  and 
too  tranfparent  to  affedt  the  fight.  Serpents 
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are  faid  to  be  fhipified  with  the  fmell  of  mufk. 
Granting  the  fadt,  how  many  ingenious  hy- 
pothefes  of  fympathy  or  antipathy  would 
have  been  invented  for  the  folution  of  the 
appearance  by  the  philofophers  of  the  Car- 
tefian  fchool,  if  they  had  not  been  en- 
dued with  the  fenfe  of  fmelling.  Thus, 
again,  the  current  of  the  air  which  we  call 
wind,  is  perceptible  enough  to  the  touch ; 
but  thofe  extremely  quick  undulations  which 
give  us  the  fenfation  of  found  would  have 
for  ever  remained  undifcovered,  if  the  Creator 
had  omitted  to  provide  us  with  the  curious 
apparatus  which  is  adapted  for  that  purpofe 
in  the  ear.  Without  that  moil  perfect  optical 
inftrument,  the  eye,  wefhould  have  remained 
totally  ignorant  of  that  very  principal  agent 
light,  except  fo  far  as  it  produces  heat ; and 
fhould  have  found  as  much  difficulty,  then, 
in  conceiving  how  the  knowledge  of  the  ex- 
igence of  diftant  bodies  could  be  obtained 
without  contadl,  as  we  now  do  in  conceiving 
how  diffant  bodies  can  mutually-  adt  on  each 
other  by  attraction  or  otherwife.  Another 
fenle  would  probably  clear  up  many  of  our 
difficulties,  by  expofing  the  intermediate 

agents ; 
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agents  ; but  as  the  cafe  now  is,  it  becomes  us 
to  be  wary,  and  dired  our  fearch  to  thofe 
objeds,  in  the  contemplation  of  which,  there 
is  fome  profped  of  fuccefs.  It  arifes  from  a 
narrow  and  contraded  way  of  thinking,  that 
we  are  fo  ready  to  fuppofe  the  human  faculties 
equal  to  every  attempt ; and  much  time  and 
labour  would  be  faved,  if  a due  confideration 
were  constantly  had  of  what  is  and  what  is 
not  in  our  reach.  Yet,  however  certain  we 
may  be  of  the  imbecility  of  our  powers,  and 
however  probable  it  may  be,  that  the  great- 
eft  part  of  nature  is  hid  behind  an  im- 
penetrable veil,  it  is  highly  neceffary  to 
advance  as  far  as  the  lights  of  which  we  are 
in  poffeflion  will  allow.  Such  a proceeding, 
befldes  the  numberlefs  advantages  which  arife 
in  common  life  from  the  fciences,  is  fo  natural 
to  the  conftitution  and  texture  of  the  mind, 
that  it  may  juftly  be  doubted  whether  we  are 
capable  of  ftanding  ftill  with  refped  to  in- 
creafe  of  knowledge.  If  the  attention  be 
not  direded  to  affairs  of  confequence,  it  will 
of  itfelf  fix  upon  trifles. 

Of  the  many  intelligences  we  receive  from 
our  fenfes,  there  ftill  remains  a great  number 
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which  have  not  been  accurately  or  rightly 
confidered.  Before  the  time  of  Sir  Ifaac 
Newton,  it  was  never  fufpeded  that  the 
rays  of  light  confided  of  a mixture  of  par- 
ticles poffeded  of  the  property  of  exciting 
ideas  of  an  almoft  infinite  number  of  colours : 
and  till  this  laft  century,  the  eledric  matter, 
which  is  perhaps  one  of  the  principal  agents 
in  nature,  was  intirely  unnoticed ; the  means 
of  fubjeding  it  tO'the  obfervation  of  our  fenfes 
being  till  then  unknown.  Original  difcoveries 
in  nature  have  ufually  arifen  from  accidental 
circumftances ; for  where  there  is  no  ground 
for  previous  argumentation,  it  is  clear  that  a 
fettled  intention  can  feldom  be  followed. 
Nothing  feems  more  furprifing  and  extra- 
natural than  the  eledric  fihock,  The  laws 
by  which  that  fluid,  if  it  may  be  fo  called, 
ads,  are  yet  very  imperfectly  known,  and  it 
is  not  impoffible  but  that  future  operators 
may  meet  with  phenomena  as  unexpeded 
and  as  ftrange  as  that  uncommon  fenlation 
was  to  the  philosopher  who  fir  ft  experi-r 
enced  it. 

We  have  already  confidered  the  laws  of 
option,  and  applied  them  to  the  mechanical 
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condrrudtion.  of  the  folar  fyftem.  We  now 
defcend  to  Earth,  and  it  appears  natural  to 
apply  our  attention  to  the  obje&s  of  thofe 
two  fenfes  which  are  mod;  concerned  or 
engaged  with  the  aftions  of  things  placed 
at  a distance,  namely,  the  fight  and  the 
hearing.  We  (hall,  therefore,  in  the  fil'd: 
place,  proceed  to  treat  of  light. 


r lui  1 

CHAP.  ir. 

Of  the  Properties  of  Light  in  general . 

IT  is  generally  agreed,  that  light  condfts 
of  parts  or  particles  of  an  extreme  mi- 
nutenefs,  which  are  projected  inevery  direction 
from  the  luminous  or  radiant  body.  This 
definition  however  agrees  with  the  phenomena 
which  have  hitherto  been  obferved,  which 
are  fo  many  and  various,  that  there  can  be 
little  doubt  of  its  truth. 

It  is  needlefs  to  enumerate  the  various, 
opinions  which  have  been  entertained  con- 
cerning light,  when  natural  philofophy  was 
pot  fo  well  underflood  as  at  prefent.  The 
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only  hypothecs  retained  by  any  of  the  mo- 
derns which  differs  from  the  above  definition, 
is  that  which  fuppofes  light  to  confift  in  cer- 
tain undulations  of  an  etherial  fluid,  in  the 
fame  manner  as  found  is  produced  in  the 
grofs  air.  The  great  facility  with  which 
an  adive  imagination  may  draw  parallels  be- 
tween light  and  found,  has  deceived  even 
philofophers  of  merit  and  eminence.  In  order 
to  overthrow  this  fuppofition,  it  may  be  ob- 
ferved,  that  the  exiftence  of  the  etherial  fluid 
which  is  called  in  to  folve  the  phenomena  of 
light,  has  never  been  proved ; and  again,  that 
the  adion  of  an  undulating  fluid  muff  ne- 
ceffarily  produce  appearances  exceedingly  dif- 
ferent from  thofe  of  light. 

Though  the  bufinefs  of  an  introdudory 
book  be  rather  to  explain  the  truth  in  a dired 
manner,  than  to  enumerate  and  confute  the 
errors  of  others ; yet  a refped  for  the  name 
of  the  learned  Euler , which  (lands  firfl  among 
the  fupporters  of  this.dodrine,  may  plead  an 
excufe  for  an  attention  to  it,  which  otherwife 
might  with  juflice  be  thought  unneceflary. 

Undulations  can  be  excited  only  in  the  in- 
ternal parts  of  fluids  which  are  elaflic,  or  at 

the 
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the  furfaces  of  non-elaftic  fluids  which  have 
a tendency  to  regain  their  firfl:  fituation. 
The  firfl:  kind  of  undulation  conflfts  of  al- 
ternate condenfations  and  rarefactions,  and 
the  latter  of  alternate  elevations  and  de- 
preflions.  Thefe  alternations  are  in  both 
cafes  termed  waves,  but  as  the  latter  kind  is 
more  immediately  fubjeCted  to  common  ob- 
fervation,  it  will  be  convenient  to  explain 
from  thence  as  much  as  our  prefent  purpofe 
requires  without  entering  into  the  elements 
of  thefe  motions. 

Let  A (fig.  52.)  reprefent  a point  of  the 
furface  of  ftagnant  water,  near  which  a folid 
body  is  fuddenly  immerfed.  The  water  rnufl 
give  way  to  admit  it ; and  as  it  is  eafier  to 
overcome  the  gravity  of  a fmall  quantity  of  the 
water,  than  to  give  motion  to  the  whole,  a 
fmall  quantity  will  rife  on  every  fide,  and 
form  a circular  wave,  of  which  bb  may  re- 
prefent a part ; this  wave  fubliding,  will  ge^ 
nerate  another,  cc,  which  will  produce  another, 
dd,  and  fo  on.  Let  DE  reprefent  an  obftacle, 
perforated  at  F ; the  waves  will  pafs  through, 
and  proceed  to  I,  K,  L,  M,  &c.  But  it  is 

obr- 
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obvious,  both  from  reafon  and  experiment, 
that  inftead  of  being  confined  between  the 
lines  BA  and  CA,  they  will  every  where 
fpread  into  the  confines  towards  N and  O, 
as  in  the  figure.  And  if  bb,  cc,  dd,  &c. 
reprefen  t the  pulfes-  or  waves  of  an  elaftic 
medium,  it  is  equally  clear  that  they  will 
diverge  every  way,  after  palling  the  perfora- 
tion F.  Thus,  we  find  that  found,  which  is 
caufed  by  the  pulfes  of  the  air,  does  not  pro- 
ceed in  right  lines,  but  is-heard  through  any 

perforation,  however  finuous'or  winding  : and 

* 

light  ought  to  be  perceived  in  the  fame  manner, 
if  it  were  caufed  by  the.  undulations  of  a me- 
dium : but  as  experience  evidently  contradicts 
this,  the  fuppofition  mult  therefore  be  falfe. 

It  is  no  argument  to . reply,  that  the 
fuppofed  etherial  fluid  may  be  of  fuch  a 
conltitution,  as  that  its  pulfes  fhall  not 
defleCt  laterally  f for,  pot  to  mention  that 
fuch  deflection  is  a natural  confequence  of 
elafticity,  it  is  obvious  that  the  rational  me- 
thod of  enquiry  in  natural  philofophy  is  at 
an  end,  if,  to  fuit  our.prefent  occauon,  we 
may  be.allovyed  t&Fdgn/fubtile  fluids  endued 

with 
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with  properties  unlike  any  thing  in  nature.  If 
this  liberty  be  allowed,  the  hypothecs,  when 
diverted  of  its  parade  of  fimilies  and  allurtons, 
amounts  to  no  more,  than  that  light  is  caufed 
by  the  adion  of  a fluid  which  is  capable 
of  caufing  it ; or,  in  fewer  words,  that  light 
is  light. 

We  have  already  had  occafion  to  obferve 
the  aftonifhing  minutenefs  of  the  particles  of 
light;  and  in  treating  on  the  fatellites  of  Ju- 
piter, mention  was  made  of  the  decree  of 

O 

its  fwiftnefs.  From  that  degree  of  fwiftnefs 
may  be  deduced  another  argument  to  prove 
how  fmall  the  particles  rnurt  be.  For  it  is 
found,  that  a ball  from  a cannon  at  its  firrt 
difcharge  dies  about  a mile  in  * eight  feconds, 
and  would  therefore  arrive  at  the  Sun  in 
about  32  years,  fuppofing  it  to  move  with 
unremitted  velocity.  And  light,  as  was  be- 
fore obfcrved,  moves  through  that  fpace  in 
about  S minutes,  which  is  two  million  times 
as  fife.  But  the  force  with  which  bodies 
move,  are  as  their  bulks  multiplied  by  their 
velocities;  and  confequently  if  the  particles  of 

I his  vanes  according  to  the  charge  of  powder  and 
Other  circumfbmces, 
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light  were  equal  in  bulk  to  the  two  millioneth 
part  of  a grain  of  fand,  we  fhould  be  no 
more  able  to  endure  their  impulfe,  than  that 
of  fand  Ihot  point  blank  from  the  mouth  of 
? cannon. 

The  rarity  of  light  is  not  lefs  a matter  of 
wonder  than  its  velocity  and  the  minutenefs 
of  its  particles.  For  its  rays  crofs  each  other 
in  all  directions  without  the  lead;  apparent 
difturbance.  We  can  eafily  fee  through  a 
fmall  hole,  not  exceeding  the  loo-  part  of  an 
inch,  the  objeCts,  as  the  Iky,  trees,  houfes, 
&c.  which  occupy  almoft  an  entire  hemifphere. 
The  light  proceeding  from  all  thefe  objects 
mud:  therefore  pafs  at  the  fame  inftant  through 
the  hole  in  a very  great  variety  of  directions 
before  they  arrive  at  the  eye ; yet  it  does  not 
appear  that  vilion  is  in  the  lead;  dilturbed  by 
that  means. 

The  fpace  through  which  light  pades  is 
called  a medium ; by  which  term  reference 
is  had  to  the  quantity  or  denfity  of  the 
matter  contained  in  the  fpace : thus  glafs 
and  air  are  mediums,  but  a vacuum,  or  fpace 
abfolutely  void,  is  a medium  alfo. 
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When  light  paffes  through  mediums,  either 
abfolutely  void  or  containing  matter  of  an 
uniform  denfity  and  of  the  fame  kind,  it  al- 
ways is  found  to  proceed  in  ftraight  lines. 
Whence  it  follows,  that  the  rarity  of  light 
increafes  as  the  fquare  of  the  diftance  from 
the  radiant  body.  For  the  light  which  falls 
on  the  fquare  ABCD,  (fig.  53.)  from  the 
point  R,  at  the  difiance  RA,  will  be  fpread 
over  a furface,  abed,  four  times  as  large  at 
twice  the  diftance,  or  Ra. 

From  this  principle  we  may  compare  the 
denfities  of  light  at  different  difiances  from 
the  Sun,  or  any  other  luminous  body ; and 
it  may  not  be  improper  in  this  place,  to 
compute  the  difference  between  the  den- 
fity  of  the  light  of  a fixed  ftar,  and  that  of 
the  Sun  at  the  planet  Mercury,  and  alfo  at 
the  comet  of  1680,  that  we  may  from  thence 
make  a rough  efiimate  of  the  magnitude  of 
its  particles. 

By  the  moft  accurate  obfervations  it  appears, 
that  the  annual  parallax  of  the  neareft  fixed 
ftar  does  not  amount  to  one  fecond.  The 
diftance  of  fuch  ftar  cannot  therefore  be  lefs 
than  34,000,000,000,000  miles;  andconclud- 
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ing>  by  the  reafoning  at  page  1 84,  the  ftar  to  be 
a Sun  like  that  which  illuminates  our  fyftem, 
it  follows  that  the  light  of  the  Sun  at  an 
equal  diftance  would  be  nearly  the  fame  as 
that  of  the  ftar.  The  diftance  of  Mercury 
from  the  Sun  in  round  numbers  is  31,670,000 
miles,  which  being  fquared,  is  equal  to  the 
T,oWioo^,^or,%-io  part  of  the  fquare  of  the  ftar’s 
diftance  : therefore  the  Sun’s  light  at  Mercury 
is  fo  many  times  denfer  than  that  of  the  ftar. 
But  the  comet  of  1680  defeended  to  a region 
in  which  the  light  was  4,000  more  denfe  than 
at  Mercury ; its  diftance  being  but  f of  the 
Sun’s  diameter  from  his  furface.  Confe- 
quently  the  light  at  the  comet,  when  in 
perihelio  was  4,000,000,000,000,000  times 
more  denfe  than  that  which  we  receive  from  a 
fixed  ftar.  Let  it  be  fuppofed,  that  the  light  at 
the  comet  was  fo  denfe  as  that  its  particles  were 
nearly  contiguous,  and  that  the  light  of  a 
fixed'  ftar  is  fo  rare,  that  when  viewed  through 
a hole  of  the  Loo-  Part  °f  an  inch  diameter, 
no  more  than  10  particles  pals  to  the  eye  at  a 

1 

time  : then,  4,000,000,000,000,000,  multi- 
plied by  10,  will  ftiew  the  number  of  particles 
which  may  pafs  through  the  lame  hole  at  a 

time 
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time  when  nearly  contiguous.  That  is,  to 
lav,  40,000,000,000,000,000  particles  of  light 
may  be  contained  or  circumfcribed  within  a 
circle  of  Toir  °f  an  inch  m diameter,  or 


‘6  o © 


of  a fquare  inch  in  furface.  But  fuch  a circle 
would  not  contain  above  one  grain  of  fand; 
and  therefore  it  follows,  that  a particle  of 

light  covers  a furface  much,  lefs  than  the 

_* ’ 1 part  of  that  which  is 

covered  by  a grain  of  land.  Now,  if  there  be  two 

, \ - , ’ ’ t i i / * ' > 1 . ! \ ’ 

fpheres,  the  furfaces  of whofe  generating  or  prin- 
cipal circles  are  as  40,000,000,000,000,000 
to  1,  their  bulks  or  folid  contents  will  be  near-*- 
ly  as  1 34  (64  cyphers)  to  1 in  round  numbers. 
Whence  it  follows,  that  the  bulk  of  a par- 
ticle of  light  is  not  equal  to  the  ,^6^^ 
part  of  a grain  of  fand.  But  this  com- 
putation makes  the  particles  of  light  in- 
comparably too  large;  for  the  fuppofition 
that  its  particles  are  nearly  contiguous  can- 
not be  allowed  except  at  the  furface  of  the 
Sun. 

Another  proof  of  the  extreme  fmallnefs  of 
the  particles' of  light  is,  that  the  lead;  vifible 
ray  may  be  made  to  pafs  through  fpaces,  in 
which  other  light  is  very  much  condenfed, 

without 
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without  fuffering  any  defledion  or  diminu- 
tion from  the  adion  of  fuch  condenfed  light. 

The  velocity  of  light  was  fir  ft  determined 
by  Monf.  Romer,  from  obfervations  on 
Jupiter’s  Moons,  which  have  fince  been  con- 
firmed, and  generally  received.  The  fagaci- 
ous  Mr.  J.  Bradley,  by  obfervations  made  on 
the  ftar  y in  the  conftellation  Draco,  with 
inftruments  of  furprifing  accuracy,  for  the 
purpofe  of  determining  its  parallax,  has  like- 
wife  determined  the  progreffion  and  velocity 
of  light ; which  appears  to  be  the  fame  as 
that  deduced  from  the  fatellites  of  Jupiter- 
And  thus  the  motion  of  the  Earth  is  proved,  as 
well  from  obfervation,  as  it  before  was  from 
reafon  and  the  nature  of  things.  We  (hall 
here  give  a fhort  explanation  of  the  principle 
on  which  this  difcovery  is  founded,  the  ori- 
ginal account  of  which  is  to  be  found  in  the 
Philofophical  Tranfadions  for  the  year  1728, 
K°  406. 

Suppofe  a tube  to  be  ereded  perpendicular 
to  the  horizon,  at  a time  when  it  rains,  the 
drops  falling  perpendicularly  down,  and  fup- 
pofe  the  diameter  of  the  tube  to  be  iuch  as 
to  admit  but  one  drop  at  a time  : then  it  is 


Progressive  Motion  of  Light. 


plain  that  if"  a drop  of  water  enter  the  ori- 
fice of  the  tube,  it  will  fall  to  the  bottom 
without  touching  its  fides.  But  if  the  tube, 
without  altering  its  pofition,  be  moved  along 
in  the  dire&ion  of  the  horizon,  the  drop 
will  flrike  again  ft  one  of  its  Tides,  and  will 
not  pafs  through  while  the  motion  continues, 
unlefs  the  tube  be  alfo  inclined  towards  the 
part  to  which  its  motion  is  directed. 

Thus,  if  AB  (fig.  54.)  reprefent  the  hori- 
zon, CD  the  perpendicular  tube,  and  GD  the 
courfe  of  a drop  of  rain:  then,  if  CD  be  moved 
towards  A,  while  the  drop  is  falling  within  the 
tube,  it  is  evident  that  the  inner  furface  of  the 
tube,  which  is  fituated  towards  B,  will  be  car- 
ried againft  the  drop,  and  prevent  its  arriving  at 
the  bottom.  But  if  the  inclined  tube  EC  be 
moved,  with  a fimilar  motion  to  that  of  the 
drop,  from  E to  D,  in  the  time  that  the  drop 

moves  from  C toD,  the  lower  orifice  of  the  tube 

and  the  drop  will  be  found  at  D at  the  fame 
inftant;  and  the  velocity  of  die  drop  will  be 
exprelfed  by  CD,  and  that  of  the  tube  by  ED. 

The  fame  reafoning  holds  good,  if  in- 
ftead  of  drops  of  rain  we  fuppofe  particles 
of  light,  and  a telefcope  inftead  of  a tube. 
Vot"  L s For 
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For  .to  an'  obferver,  who  through  the  tube 
CD  views  the  vaflly  diEant  objed  G,  if  the 
motion  of  light  be  inEantaneous,  or  infinitely 
fwift,  no  finite  motion  of  CD,  its  portion 
being  unaltered,  can  prevent  its  being  vifible  . 
fince,by  the  fuppofiiion,  the  light  which  enters 
at-C  will  arrive  at  D before  CD  can  have 
moved  at  all.  But  if  light  be  propagated 
'in  time,  and  the  obferver  be  carried  by  a 
motion  fimilar,  as  to  acceleration,  to  that 
of  light,  the  tube  mull  be  inclined  to  the  r3y 
in  an  angle,  whofe  fine  is  to  the  fine  of  CED, 
or  the  angle  the  tube  makes  with  the  line 
of  the  obferver’s  motion,  as  the  velocity  of  the 
obferver  is  to  the  velocity  of  light.  For  in 
the  triangle  DCE,  the  tides  DE  and  DC, 
which  exprefs  thefe  velocities,  are  as  the  fines, 
of  their  oppofite  angles.  Hence  if  the  angle 
of  the  inclination  of  the  tube,  and  the  velo- 
city of  the  obferver’s  motion  be  known,  the 
velocity  of  light  may  be  determined. 

« . i.  • - 

By  this  theory,  which  is  grounded  on  a 
great  number  of  obfervations  on  Ears  of  dif- 
ferent magnitudes  and  fituations,  it  appears, 
that  the  fmall  apparent  motion  the  fixed  Ears 
have  about  their  real  places,  which  is  called 

" ' \ their 
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their  Aberration,  does  arife  from  the  propor- 
tion which  the  velocity  of  the  Earth’s  mo- 
tion in  her  orbit  bears  to  that  of  light.  This 
proportion  is  found  to  be  as  102 10  to  1: 
from  whence  it  follows,  that  light  moves  or 
is  propagated  as  far  as  from  the  Sun  to  the 
Earth  in  8'  12".  And  it  likewife  appears,  that 
the  motion  of  light  is  uniform,  and  the  fame, 
whether  original,  as  from  the  Ears,  or  re- 
flected, as  from  the  fatellites  of  Jupiter. 

From  feveral  nice  experiments,  in  which 
the  Sun’s  rays  were  thrown,  very  much  con- 

7 *1  ‘ 

denfed,  upon  a wire,  fufpended  fo  as  to  move 
horizontally,  it  appears  that  the  momentum 
of  light  is  fufficiently  great  to  impel  bodies 
with  a fenflble  velocity, 

; • . • h • • : oiii  F ’ .» 

C . e:. 
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Optical  Definitions  and  Principles. 
IIEN  a ray  of  light  palfes  out  of  one 


medium  into  another,  and  is  bent 
out  of  its  courfe  at  their  common  furface, 
this  bending  is  called  refradtion. 

When  a ray  of  light  proceeds  to  the  com- 
mon furface  of  two  mediums,  and  inftead 
of  palling  from  the  one  into  the  other,  is 
turned  back  into  thp  firft,  this  turning  back 
is  called  reflection. 

The  angle  of  incidence  is  the  acute  angle 
which  the  line  defcribed  by  the  ray  of  light 
makes  with  a line  drawn  perpendicular  to  the 
furface  at  the  point  of  incidence. 

The  angle  of  reflection  or  refradtion  is  the 
acute  angle,  which  the  line  defcribed  by  the 
ray  of  light  after  reflection  or  refradtion  makes 
with  the  perpendicular  to  the  furface  at  the 
point  of  incidence. 

Thus,  if  RS  reprefent  the  common  fur- 
nace of  two  mediums,  AC  (fig.  55.)  a ray 


of 
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of  licrht  incident  at  C,  and  PQji  line  inter- 
fedting  the  furfacc  at  right  angles  at  C then 
the  angle  ACP  is  the  angle  c-f  incidence.  If 
it  be  refledted  at  C,  fo  as  to  return  in  the 
line  CB,  then  the  angle  PCB  is  the  angle  of 
reftedtion : and  if  it  be  refradted  at  C,  fo  as 
to  proceed  in  the  line  CF,  the  angle  QCF  is 
the  angle  of  refradtion. 

The  angles  of  incidence,  reflection,  and 
refradtion  lie  in  one  and  the  fame  plane. 

The  angle  of  reflection  is  equal  to  the  angle 
of  incidence. 

If  the  refradted  ray  be  returned  directly 
back  to  the  point  of  incidence,  it  {hall  be 
refradted  into  the  line  which  was  before  de- 
fcribed  by  the  incident  ray. 

The  refradtive  powers  of  different  mediums 
are  nearly  as  their  denfities ; that  is  to  fay, 
refradtion  out  of  the  rarer  medium  into  the 
denfer,  is  in  general  made  towards  the  per- 
pendicular, fo  that  the  angle  of  refradtion 
is  lefs  than  the  angle  of  incidence. 

The  fine  of  the  angle  of  incidence  is  either 
accurately  or  very  nearly  in  a given  ratio  to 
the  fine  of  the  angle  of  refradtion,  in  ail  obli- 
quities of  the  incident  ray. 

S 3 
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All  objedts  feen  by  reflexion  or  refradtion 
appear  in  that  place  or  diredtion,  from  whence . 
or  in  which  the  rays  were  laffc  refledted  or 
refradted  to  the  eye. 

Thus,  if  the  ray  AC  (fig.  55.)  proceed  from 
an  objedt  at  A to  C,  and  be  thence  reflected 
to  the  eye  of  a fpedlator  at  B,  the  objedt  will 

be  feen  not  at  A but  at  T,  in  the  direction 
of  the  reflected  ray  BC.  And  if  the  ray  FC 
proceed  from  an  objedt  at  F,  and  be  re;fradted 
into  the  diredtion  CA  to  the  eye  of  a fpedta- 
tor  at  A,  the  objedt  will  be  feen  not  at  F but 
at  N,  in  the  diredtion  of  the  refradted  ray  AC. 

On  this  account  it  is  that  objedts  are  feen 
in  mirrors  or  looking  glalfes,  and  that  objedts 
feen  under  water  appear  out  of  their  true 
places.  Let  ABCD  (fig.  56.)  reprefent  a 
veflfel  containing  water,  whofe  furface  is  FG, 
and  let  O reprefent  an  objedt  at  the  bottom. 
Then,  to  an  eye  at  E the  objedt  O will  be 
feen  at  K,  by  means  of  the  ray  OL,  which 
palling  from  a denfer  to  a rarer  medium,  is  re- 
fradted from  the  perpendicular  PQ^into  the 
diredtion  LE.  Or  let  ABCD  (fig.  57.) 
reprefent  a veflel  fo  placed  with  refpedt  to 
the  candle  E,  that  the  fnadow  of  the  fide 
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AC  may  fall  at  D.  Suppofe  it  now  filled 
with  water,  and  the  Lhadow  will  withdraw 
to  d,  the  .ray  of  light  EA,  inftead  of  pro- 
ceeding to  D,  being  refraded  to  d.  And 
there  is  no  doubt  but  that  an  eye  placed  at  d 
would  fee  the  candle  at  e in  the  direction  of 
the  refraded  ray  dA. 

The  mathematical  application  of  the  fore- 
going principles  to  the  rays  of  light  which  pafs 
through  glaifes,  or  are  refleded  from  mirrors 
of  various  figures,  conftitutes  that  branch  of  _ 
the  fcience  of  optics  which  teaches  the  con- 
firudion  of  inftruments.  The  explanation, 
of  which  we  lhall  wave  for  the  prefent,  till 
we  have  given  an  account  of  the  various 
reflexibility,  refrangibility,  and  colours  of 
light. 
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Of  the  various  Refrangibility  of  the  Rays  of 

Light . 

LIGHTS  which  differ  in  colour  differ 
alfo  in  refrangibility,  and  the  contrary. 
Let  AB  (fig.  58.)  reprefent  a wedge  or 
triangular  prifm  of  glafs,  then  the  triangle 
ABC  may  be  conceived  to  be  a fedtion  of  the 
fame,  tranfverfe  or  at  right  angles  to  its  axis. 
Suppofe  JN  to  be  a ray  of  light  incident  at 
N,  and  thence  refradted  to  E,  on  the  furface 
CB,  where  it  is  again  refradted  into  the  di- 
rection EM ; fuppofe  i n to  be  another  ray 
parallel  to  the  former,  and  confequently  inci- 
dent at  n,  with  the  fame  angle.  Now, 
if  the  ray  i n be  equally  difpofed  to  be  re- 
fracted by  the  prifm,  as  the  ray  JN,  thefe 
angles  of  refradtion  will  alfo  be  equal,  and 
in  will,  when  refradted  into  the  directions 
ne  and  em,  ftill  continue  parallel  to  the  ray 
JN,  which  is  refradted  into  NE  and  EM.- 
But  if  it  be  more  refrangible  it  will  be  re- 
fradted 


...  ...... 
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fratted  into  directions,  as  nf  and  fg,  verging 
more  towards  the  bafe  AC,  or,  if  lefs  refran- 
gible, it  will  be  refracted  into  directions, 
as  nh  and  hk,  which  verge  lefs  towards  the 
bafe  AC.  Whence  it  appears,  that  if  a pen- 
cil or  collection  of  rays  fall  parallel  to  each 
other  on  one  of  the  fides  of  a prifin,  and  do 
not  proceed  parallel  to  each  other  on  their 
emergence,  it  muft  be  becaufe  fome  of  the 
rays  are  more  refrangible  than  others. 

Let  the  fpace  contained  between  EG  and 
MR  (fig.  59.)  reprefent  a darkened  cham- 
ber, of  which  thofe  lines  reprefent  the  fides. 
Let  JN  reprefent  a pencil  of  light  from  the 
Sun,  which  paffing  through  the  hole  F,  is 
incident  on  the  fide  DC  of  the  prifm  ABC. 
Now,  it  is  plain,  that  if  the  prifm  were  not 
interpofed,  the  pencil  JN  would  proceed  to 
S,  and  there  illuminate  a fmall  circular  fpot 
on  the  wall  and  from  the  preceding  expla- 
nation it  is  evident,  that  if  all  the  rays  of 
light  were  equally  refraded  by  the  prifm,  the 
whole  pencil,  being  equally  turned  out  of  its 
courfe,  would  fuffer  no  alteration  with  refped 
to  the  parallelifin  of  its  rays,  and  conlbquently 
would,  after  refradion,  proceed  to  Q_,  and 

there 


2 66  Varidus  Refrangibilhy  of  Light. 

there  illuminate  a fpot  fimilar  to  that  which 
would  have  appeared  at  S.  But  if  the  pencil 
be  compofed  of  rays  unequally  refrangible, 
the  molt  refrangible  rays  will  be  thrown  far- 
ther  from  S,  and  the  lead  refrangible,  being 
lefs  deflected  out  of  their  cour.fe,  mud;  fall  on 
a part  of  the  wall  nearer  to  S,  while  thofe 
which  are  refrangible  in  the  intermediate 
degrees  will  fall  at  interpofed  diftances  be- 
tween them.  The  experiment  determines, 
that  the  Sun’s  light  is  compofed  of  rays, 
whofe  refrangibilities  are  not  all  the  fame;  for 
after  emerging  from  the  prifm,  inftead  of 
illuminating  a circular  fpace,  they  are  fpread 
into  a long  fpedtrum,  bounded  by  right-lined 
iides  and  circular  ends,  and  whole  length  is 
tranfverfe  at  right  angles  to  the  direction  of 
the  axis  of  the  prifm. 

This  oblong  fpedtrum  is  varioudy  coloured. 
The  lower  part,  which  confifts  of  the  lead; 
refrangible  rays,  is  of  a lively  red,  which, 
higher  up  by  infenfible  gradations,  becomes 
an  orange ; the  orange  in  like  manner  is  fuc- 

ceeded  by  a yellow;  the  yellow  by  a green; 

/ 

the  green  by  a blue ; after  which  follows  a 
deep  blue  or  indigo ; and  laftly,  a faint  vio- 
let. 
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let.  With  a prifm,  whofe  refracting  angle 
was  63t  degrees,  fo  placed,  that  the  angle 
of  incidence  on  the  firfl  furface  was  equal  to 
the  angle  of  refraction  at  the  emergence  or 
fecond  furface,  the  fpedtrum,  received  on  a 
wall  at  the  diflance  of  187  feet,  was  10 
inches,  or  iof  in  length.  Its  breadth  is  in 
all  cafes  equal  to  that  of  the  circle,  which 
would  have  been  formed  by  the  admitted 
beam  or  pencil  of  light,  if  the  prifm  had  not 
been  interpofed. 

The  fpaces  occupied  by  the  feveral  colours 
of  the  fpeCtrum  anfwer  to  the  fubdivifions 
of  a mufical  chord:  thus,  if  AGMF  (fig. 
60.)  reprefent  the  fpeCtrum,  and  the  lines 
FM,  ba,  dg,  zy,  &c.  mark  the  confines,  of 
the  colours  ; the  fpace  MabF  being  occupied 
by  the  red,  agdb  by  the  orange,  gyzd  by  the 
yellow,  and  fo  forth,  in  the  order  above- 
mentioned,  and  GM  be  prolonged  to  X,  fo 
that  MX  may  be  equal  to  GM,  the  lines 
GX,  IX,  iX,  eX,  yX,  gX,  aX,  MX,  will 
be  in  proportion  to  each  other  as  the  num- 
bers 1,  1,  4,  i,  4,  i,  x9_,  JL,  and  therefore  ex- 
prefs  the  chords  of  the  key,  tone,  leffer  thirds, 
fourth,  fifth,  greater  fixth,  greater  feventh,  and 

oClave. 
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oCtave.  Or,  to  render  it  more  familiar  to 
thofe  whole  knowledge  of  mulic  is  merely 
practical,  let  AB  reprefent  the  firing  of  a 
violin  or  guittar,  and  a fret  or  fmall  bridge 
be  fixed  on  the  finger-board  at  the  middle 
diflance  a,  between  A and  B ; and  likewife 
frets  at  g,  f,  e,  d,  c,  b,  fo  that  the  diftances 
a g,  gf,  fe,  ed,  dc,  cb,  and  bA,  may  be  in 
proportion  to  the  fpaces  occupied  refpedtive- 
ly  by  the  red,  orange,  yellow,  green,  blue, 
indigo,  and  violet  in  the  fpedtrum ; then,  if 
the  open  firing  found  A,  the  regular  accent 
of  the  flopt  notes  will  be  in  the  minor  third 
from  that  key ; the  notes  being  A,  B,  C,  D,  E, 
F fharp,  G fharp,  and  A oCtave. 

Thofe  rays  which  have  the  fame  degree 
of  refrangibility  will,  after  refraction,  fall 
within  a circle  equal  to  that  which  would 
have  been  illuminated  by  the  light  if  fuffered 
to  proceed  to  S : and  therefore  the  fpe&rum 
may  be  conceived  to  be  compofed  of  an  inde- 
finitely great  number  of  fuch  equal  circles, 
whofe  centers  are  all  on  the  fame  line.  For 
example  j if  ABDC  (fig.  61.)  reprefent  the 
fpeClrum,  the  circle  AB  be  formed  by  the 
red,  or  lead  refrangible  rays,  and  the  circle 
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DC  by  the  violet,  or  raoft  refrangible  rays, 
then  the  rays,  whofe  refrangibility  is  inter- 
mediate, will  form  an  innumerable  feries  of 
circles,  and  fill  up  the  whole  fpace,  fo  that 
AC  and  BD  will  appear  as  right  lines.  Now, 
it  is  obfervable,  that  though  the  light  in  the 
fpe&rum  being  feparated  into  its  original  rays 
is  much  lefs  compounded  than  before,  yet  it 
is  ftill  compounded  in  no  fmall  degree  by  the 
interference  of  the  circles  with  each  other, 
particularly  at  the  line  EF,equidiftant  between 
AC  and  BD ; and  that  at  the  lines  AC  and 
BD,  where  the  circles  do  not  interfere  at 
all,  the  light  is  perfe&ly  homogeneous  or 
uncompounded.  But  becaufe  the  colours  in 
the  fpedtrum  contiguous  on  either  fide  of  any 
given  colour  do  by  mixture  compound  a 
colour  that  differs  infenfibly  from  the  ori- 
ginal intermediate  colour  itfelf,  a right  line 
drawn  perpendicularly  acrofs  the  fpedxum 
will  be  found  in  the  fame  colour  through** 
out.  For  mod;  experiments  in  which  un- 
compounded light  is  required,  that  of  the 
fpedtrum  will  be  found  fufficiently  fo,  but  in 
cafes  where  a greater  nicety  is  demanded,  the 
diameter  of  the  circles,  or  breadth  of  the 
3 fpeculum 
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fpeculum  may  be  diminifhed  by  methods 
which  it  does  not  fait  our  prefent  purpofe  to 
enlarge  upon. 

It  is  evident  from  what  has  already  been 
faid,  that  this  phenomenon  arifes  from  the 
nature  of  light  itfelf,  fome  of  the  rays  of 
which  are  more  refrangible  than  others.  And 
as  an  additional  confirmation  it  is  obferved, 
that  if  the  fpeCtrum  be  received  on  a board 
which  is  perforated,  fo  as  to  let  pafs  one 
ray  of  light,  or  colour,  that  ray  will  not 
be  changed  by  any  refraction  it  may  be 
afterwards  made  to  fuffer,  but  continues  the 
fame  both  in  colour  and  refrangibili ty.  And 
if  the  colours  of  the  fpeCtrum  be  by  re- 
flection or  refraction  made  to  unite  again, 
they  will  again  form  the  compounded  colour 
ofwhitenefs. 

The  quantity  of  the  difperfion  of  the  rays  of 
light,  which  at  equal  diltances  from  the 
prifin  is  nearly  exprefled  by  the  length  of  the 
IpeCtrUm,  does  not  follow  the  quantity  of 
the  refraction  of  the  mean  ray,  except  in 
mediums  of  the  fame  kind.  Thus,  if  two 
prifms  of  different  - kiqds  of  glafs  refraCt  the 
folar  ray  equally  out  of  its  firfl  direction,  the 

fpeCtrum 
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fpedtrum  of  colours  formed  by  the  one  will 
be  much  longer  than  that  formed  by  the 
other ; and  it  is  found,  that  in  equal  angles 
of  mean  refradtion,  glafs,  in  the  compofition 
of  which  much  lead  enters,  difperfes  the  light 
into  its  component  colours  much  more  than 
Mafs  which  abounds  with  alkaline  falts. 

O 

If  by  rheans  of  two  prifms,  a fmall  piece 
of  paper  be.  illuminated,  the  one  half  with 
red,  and  the  other  half  with  violet  light, 
and  an  obferver  view  the  fame  through 
another  prifm,  the  paper  will,  by  the  different 
refrangibility  of  the  rays,  appear  divided 
into  two.  For  the  violet  half  being  feen  by 
a more  refrangible  light,  will  appear  to  be 
carried  farther  from  its  true  place  than  the 
red,  and  will  therefore  feem  to  be  feparated 
from  it.  The  fame  is  likewife  true  of  colours 
which  arife  from  the  feparation  of  light  which, 
is  made  by  bodies,  on  which  it  falls,  and 
which  we  are  apt  to  call  natural  colours  ; for 
if  a paper  be  painted,  the  one  half  with  & 
lively  red,  and  the  other  half  with  an  indigo, 
and  it  be  placed  .in  the  Sun’s  light,  it  will 
in  like  manner  appear  divided,  if  viewed 
through  a prifm, 

And 
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And  here  it  may  be  necelfary  to  obviate? 
fome  mifapprehen  lions  which  might  arife 
from  the  lax  and  unphilofophical  ufe  of 
terms,  which  can  hardly  be  avoided  without 
much  circumlocution.  For  inftance,  if  we 
fuppofe  the  hand  to  be  heated  by  lire,  and 
fpeak  of  the  hand,  the  word  heat  implies  the 
fenfation,  but  when  we  fpeak  of  lire,  the 
fame  word  is  ufed  to  lignify  quite  a different 
thing,  namely*  the  power  which  caufes  that 
fenfation.  This  laffc  ufe  of  the  term  is 
vulgar  and  improper ; for  that  which  im- 
powers  lire  to  caufe  the  fenfation  of  heat 
may  be,  and  mod;  probably  is,  a modifica- 
tion or  thing  very  unlike  the  fenfation  itfelf, 
and  ought  therefore  to  be  didinguilhed  from 
it.  In  like  manner,  fpeaking  of  coloured 
bodies,  the  fame  ambiguity  of  exprefiion 
enfues  ; the  colour  of  a body  may  be  a dif- 
pofition  to  reded;  one  fort  of  rays  more 
than  another,  which  difpofition  may  de- 
pend upon  the  fize  and  configuration  of  its 
particles.  Suppofing  this,  we  receive  a 
fenfe  of  that  fize  and  configuration  under 
the  form  of  colour,  which  is  an  idea  totally 
different  from  the  thing  which  caufes  it, 

but 
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but  Is  neverthelefs  confounded  with  it  by 
the  ule  of  the  fame  term  to  exprefs 
both.  Therefore,  neither  the  rays  of  light 
nor  bodies,  to  fpeak  properly,  are  coloured, 
but  are  only  poffeffed  of  fuch  modifications 
as  enable  them  to  excite  the  fenfation  of 
colour  in  the  mind  and  confequently  when 
we  fpeak  of  coloured  rays  or  coloured  bodies  ^ 
the  phrafe  muft  be  underflood  to  be  grofs 
and  vulgar,  and  the  fenfe  is,  rays  or  bodies 
endued  with  power  to  excite  the  fenfatiott 
of  colour. 
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Of  the  Reflexibility  of  Light ; and  of  thi 

Rainbow . 


TH  E Sun’s  light  con  lifts  of  rays  which 
differ  in  reflexibility,  and  thofe  rays 
\Vhich  are  more  refrangible  are  alfo  more' 
reflexible  than  others.  Let  ABC  (fig.  62.) 
reprefertt  a prifm,  whofe  angle  B is  a right 
angle,  and  the  two  angles  A and  C equal  to 
each  other,  and  fonfequently  half  right 
1 Vot‘-  l-  T angle,. 
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angles.  Suppofe  JN  to  be  a beam  of  light 
which  pafles  through  the  furface  BC,  and  is 
incident  on  AC  at  N.  It  will  then  emerge 
in  the  direction  NG,  fo  that  the  fine  of 
the  angle  of  refraction  GNW  may  be  in 
a certain  ratio  to  the  fine  of  the  angle  of 
incidence  BNZ,  which  in  glafs  is  as  3 to  2, 
nearly.  Now  when  the  angle  of  incidence 
at  N is  fuch,  that  the  fine  of  the  angle  of 
refraCtion  is  equal  to  the  radius,  the  angle 
of  refraCtion  becoming  a right  angle,  the 
ray  cannot  emerge,  but  will  be  totally  re- 
flected or  turned  back  into  the  glafs.  This 
happens  in  glafs  when  the  angle  of  incidence 
is  about  41  degrees. 

That  the  component  rays  of  light  are 
not  all  equally  difpofed  to  be  reflected,  is  prov- 
ed by  turning  the  prifm  flowly  on  its  axis,  till 
the  light  begins  to  be  reflected ; for  it  then 
appears  that  the  more  refrangible  rays  are 
reflected  fooner,  or  at  lefs  angles  of  incidence 
than  thofe  which  are  lefs  refrangible.  Let 
NM  reprefent  the  reflected  beam,  and  fup- 
pofe  the  prifm  VXY  placed  fo  as  to  receive 
and  feparate  it  into  its  component  colours  by 

refrac- 
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refraCtion  : then  the  light  which  firft  begins 
to  be  reflected,  confining  almoft  intirely  of 
violet  rays*  will  by  the  fecond  prifm  be  re- 
fraCted  fo  as  to  fall  at  p,  and  paint  a violet 
colour.  As  the  firft  prifm  continues  to  be 
turned  on  its  axis,  the  light  is  more  and 
more  copioufiy  reflected*  and  the  colours  be- 
tween p and  t appear  in  fuccefiion  according 
to  their  order  in  refrangibility  ; violet,  indigo* 
blue,  green,  yellow,  orange,  and  laftly  red, 
at  which  time  the  reflection  becomes  total  :• 
the  colours  formed  by  refraction  at  HG  dis- 
appearing as  thofe  at  pt  appear. 

White  light  being  proved  to  confift  of  rays 
which  differ  in  refrangibility,  reflexibility  and 
the  power  of  exciting  the  idea  of  colour,  it  is 
clear  that  nothing  more  is  neceffary  to  ac- 
count for  the  colours  of  bodies  than  to  fup- 
pofe  each  body  endued  with  a power  or  ap- 
titude to  reflect  the  rays  of  one  particular 
colour,  and  to  imbibe  the  reft.  But  the 
truth  of  this  does  not  reft  on  mere  fuppofi- 
tion.  Bodies  expofed  to  the  uncompounded 
light  of  the  fpeCtrum,  are  ever  found  to  be 
of  the  colour  of  the  light  in  which  they  are 
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placed,  with  this  only  difference,  that  they 
appear  much  more  lively  in  that  colour, 
which  is  the  fame  with  that  which  they 
exhibit  in  the  day  light.  And  from  hence  • 
it  appears,  that  the  colours  of  bodies  cannot 
be  fo  homogeneous  and  full  as  thofe  of  the 
fpedtrum*  for  fince  they  refledt  all  colours  in 
fome  degree  as  well  as  the  principal  or  predo- 
minant one,  thatprincipal colour  muff  bemuch 
diluted  and  weakened  by  the  mixture.  It 
may  likewife  from  hence  be  inferred,  that  as 
the  uncompounded  colours  are  not  changeable 
by  refradtion,  fo  neither  are  they  changeable 
by  refledtion. 

The  in  ft  an  ce  of  the  reparation  of  the  pri- 
mary colours  of  light  which  feems  moft  re- 
markable, is  that  of  the  rainbow,  which  on 
that  account  was  by  the  Grecians  called 
Qa.uixa.vi fk,  or  daughter  of  admiration.  It  is 
formed  in  general  by  the  refledtion  of  the 
rays  of  the  Sun’s  light  from  the  drops  of 
falling  rain,  though  frequently  it  appears 
among  the  waves  of  the  fea,  whofe  heads  or 
tops  are  blown  by  the  wind  into  fmall  drops, 
and  is  fometimes  feen  on  the  ground  when 
n the 
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the  Sun  fhines  on  a very  thick  dew.  Cas- 
cades and  fountains,  whofe  waters  are  in 
their  fall  divided  into  drops,  exhibit  rain- 
bows to  a fpeCtator,  if  properly  fituated  dur- 
ing the  time  of  the  Sun’s  ihining  ; and  water 
blown  violently  out  of  the  mouth  of  an  ob- 
ferver,  whofe  back  is  turned  towards  the  Sun, 
never  fails  to  produce  the  fame  phenomenon. 
This  appearance  is  alfo  feen  by  moonlight, 
though  feldom  vivid  enough  to  render  the  co- 
lours diftinguifhable  ; and  the  artificial  rain-r 
bow  may  be  produced  even  by  candle-light  on 
the  water  which  is  ejected  by  a fmall  fountain 
or  jet  d’eau.  All  thefe  are  of  the  fame  na- 
ture, and  dependant  on  the  fame  caufes,  an 
idea  of  which  may  be  formed  by  the  follow- 
ing confiderations. 


Let  the  circle  WQGB  (fig.  63.)  reprefent 
a globe  or  drop  of  water  upon  which  a beam 


of  parallel  light  falls,  of  which  let  TJB  re- 
prefent a ray  falling  perpendicularly  at  B, 
and  which  by  confequence  either  pafies 
through  without  refraction,  or  is  reflected 
direCtly  back  from  Suppofe  another  ray 
IK,  incident  at  K,  at  a diftance  from  B, 

T 3 and 
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and  it  will  be  refraCted  according  to  a certain 
ratio  of  the  fines  of  incidence  and  refraCtion 
to  Cach  other  (which  in  rain  water  is  as 
529  to  396)  to  a point  L,  whence  it  will 
be  in  part  tranfmitted  in  the  direction  LZ, 
and  in  part  reflected  to  M,  where  it  will 
again  in  part  be  reflected,  and  in  part  tranf- 
mitted in  the  direction  MP,  being  inclined 
to  the  line  deferibed  by  the  incident  ray  in 
the  angle  IOP.  Another  ray  AN,  ftill  farther 
from  B,  and  confequently  incident  under  a 
greater  angle,  will  be  refraCted  to  a point 
F,  yet  farther  from  whence  it  will  be 
in  part  reflected  to  G,  from  which  place 
it  will  in  part  emerge,  forming  an  angle 
AXR  with  the  incident  AN,  greater  than 
that  which  was  formed  between  the  ray 
MP  and  its  incident  ray.  And  thus,  while 
the  angle  of  incidence  or  diftance  of  the  point 
of  incidence  from  B increafes,  the  diftance  be- 
tween the  point  of  reflection  and  Q^,  and 
the  angle  formed  between  the  incident  and 
emergent  reflected  rays  will  alfo  increafe; 
that  is  to  fay,  as  far  as  it  depends  on 
tjiat  increafe  of  incidence : but  as  the  re- 

p ' fraction 


Of  the  'Rainbow.  279 

fraction  of  the  ray  tends  to  carry  the  point 
of  reflection  towards  and  to  diminifh  the 
angle  formed  between  the  incident  and  emer- 
gent reflected  ray,  and  that  the  more  the 
greater  the  diftance  of  the  point  of  incidence 
from  B,  there  will  be  a certain  point  of  inci- 
dence between  B and  W,  with  which  the 
greatefl:  pofiible  diftance  between  the  point  of 
reflection  and  and  the  greatefl:  pofiible  angle 
between  the  incident  and  emergent  reflected 
fay  will  correfpond.  So  that  a ray  incident 
nearer  to  B fhall,  at  its  emergence  after  re- 
flection form  a lefs  angle  with  the  incident, 
by  reafon  of  its  more  direCt  reflection  from  a 
point  nearer  to  Qj  and  a ray  incident  nearer 
to  W,  fhall  at  its  emergence  form  a lefs 
angle  with  the  incident,  by  reafon  of  the 
greater  quantity  of  the  angles  of  refraCtion 
at  its  incidence  and  emergence.  The  rays 
which  fall  in  the  vicinity  of  that  point  of  inci- 
dence with  which  the  greatefl:  angle  of  emer- 
gence correfponds,  will,  after  emerging,  form 
an  angle  with  the  incident  rays  which  differs 
infenfibly  from  that  greatefl:  angle,  and  con- 
sequently will  proceed  nearly  parallel  to  each 

T 4 other* 
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Other ; and  thofe  rays  which  fall  at  a diftance 
from  that  point,  will  emerge  at  various  angles, 
and  conf9quently  will  diverge.  Now  to  a 
fpeCtator,  whofe  back  is  turned  towards  the 
radiant  body,  and  whofe  eye  is  at  a conflder- 
able  diftance  from  the  globe  or  drop,  the 
divergent  light  will  be  fcarcely,  if  at  all 
perceptible ; but  if  the  globe  be  fo  fltuated, 
that  thofe  rays  which  emerge  parallel  to 
each  other,  or  at  the  greateft  poflible  angle 
with  the  incident,  may  arrive  at  the  eye  of  the 
fpedtator,  he  will,  by  means  of  thofe  rays, 
behold  it  nearly  with  the  fame  fplendor  at 
any  diftance. 

In  like  manner  thofe  rays  which  fall  paral- 
lel on  a globe,  and  are  emitted  after  two 
reflections  (at  the  points,  fuppofe  F and  G) 
do  emerge  (at  H)  parallel  to  each  other, 
when  the  angle  they  make  with  the  incident 
(AN)  is  the  leaft  poflible  $ and  the  globe  is 
feen  very  refplendent,  when  its  pofition  is 
fuch,  that  thofe  parallel  rays  fall  on  the 
eye  of  the  fpedtator. 

The  quantity  of  this  greateft  angle  is  de- 
termined by  calculation,  the  proportion  of 
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the  fines  of  incidence  and  refradtion  to  each 
other  being  known.  And  this  proportion 
being  different  in  rays  which  produce  diffe- 
rent colours,  the  angle  mull:  vary  in  each. 
Thus  it  is  found,  that  its  limit  in  rain- 
water for  the  leaft  refrangible,  or  red  rays* 
emitted  parallel  after,  one  refledtion  is  42°  2', 
and  for  the  molt  refrangible  or  violet  rays 
emitted  parallel  after  one  reflection  40°  17.  • 
likewife,  after  two  reflections  the  leaf!;  refran- 
gible or  red  rays  will  be  mod:  copioufly  emit- 
ted under  an  angle  of  50°  57',  and  the  moil 
refrangible  or  violet  under  an  angle  of  540  y • 
and  the  intermediate  colours  will  be  mod: 
copioufly  emitted  at  intermediate  angles. 

Suppofe  now,  that  O (fig.  64.)  is  the  fpedta- 
tor  s eye,  and  OP  a line  drawn  parallel  to  the 
Sun’s  rays,  and  let  POE,  POF,  POG,  POH, 
be  angles  of  40°  ij.,  42°  2',  5o°  sf,  and 
54  7 refpodtively,  and  thefe  angles  turned 
about  their  common  fide  OP,  (hall,  with  their 
other  fides  OE,  OF ; OG,  OH  defcribe  the 
verges  of  two  rainbows  as  in  the  figure. 
For,  if  E,  F,  G,  H be  drops  placed  any 
where  in  the  conical  fuperficies  defcribed  by 
OE,  OF,  OG,  OH,  and  be  illuminated  by 
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the  Sun’s  rays  SE,  SF,  SG,  SH ; the  angle 
SEO  being  equal  to  the  angle  POE,  or  40° 
17',  fhall  be  the  greateft  angle  in  which  the 
mod  refrangible  rays  can,  after  one  reflection, 
be  refraCted  to  the  eye,  and  therefore  all 
the  drops  in  the  line  OE  fhall  fend  the  mofl; 
refrangible  rays  mofl;  copioufly  to  the  eye, 
and  thereby  ftrike  the  fenfes  with  the  deepefl 
violet  colour  in  that  region.  And  in  like 
manner  the  angle  SFO  being  equal  to  the 
angle  POF,  or  420  2,  fhall  be  the  greateft  in 
which  the  leaft  refrangible  rays  after  one 
reflection  can  emerge  out  of  the  drops,  and 
therefore  thofe  rays  fhall  come  mofl;  copioufly 
to  the  eye  from  the  drops  in  the  line  OF, 
and  ftrike  the  fenfes  with  the  deepefl  red 
colour  in  that  region.  And,  by  the  fame 
argument,  the  rays  which  have  the  interme- 
diate degrees  of  refrangibility  fhall  come  mofl; 
copioufly  from  drops  between  E and  F,  and 
ftrike  the  fenfes  with  the  intermediate  colours 
in  the  order  which  their  degrees  of  refrangi- 
bility require  that  is,  in  the  progrefs  from  E 
to  F,  or  from  the  in  fide  of  the  bow  to  the 
outfide,  in  this  order,  violet,  indigo,  blue, 

green,  yellow,  orange,  red.  But  the  violet, 

by 
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by  the  mixture  of  the  white  light  of  the  clouds, 
will  appear  faint,  and  inclined  to  purple. 

Again,  the  angle  SGO  being  equal  to  the 
angle  POG,  or  50°  51',  fhall  be  the  lead:  angle 
in  which  the  lead:  refrangible  rays  can,  after 
two  reflections,  emerge  out  of  the  drops,  and 
therefore  the  lead:  refrangible  rays  fhall  come 
mod:  copioufly  to  the  eye  from  the  drops  in 
the  line  OG,  and  ftrike  the  fenfe  with  the 
deeped:  red  in  that  region.  And  the  angle 
SHO  being  equal  to  the  angle  POH,  or  54°  7', 
fhall  be  the  lead  angle  in  which  the  mod: 
refrangible  rays,  after  two  reflections,  can 
emerge  out  of  the  drops,  and  therefore  thofe 
rays  fhall  come  mod  copioufly  to  the  eye 
from  the  drops  in  the  line  OH,  and  drike 
the  fenfes  with  the  deeped  violet  in  that 
region.  And,  by  the  fame  argument,  the 
drops  in  the  regions  between  G and  H fhall 
drike  tne  fenfe  with  the  intermediate  colours 
in  the  order  which  their  degrees  of  refrangi- 
bihty  require;  that  is,  in  the  progrefs  from 
G to  H,  or  from  the  infide  of  the  bow  to  the 
outfide  in  this  order,  red,  orange,  yellow, 
green,  blue,  indigo,  and  violet.  And  fince 
the  four  lines  OE,  OF,  OG,  OH  may  be 

1 fituated 
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fitiuated  any  where  in  the  above-mentioned 
conical  fuperficies,  what  is  faid  of  the  drops 
and  colours  in  thefe  lines  is  to  be  underftood 
of  the  drops  and  colours  every  where  in  thofe 
fuperficies* 

Thus  fhall  there  be  made  two  bows  of 
colours,  an  interior  and  fixonger,  by  one  re- 
flection in  the  drops,  and  an  exterior  and  faint- 
er by  two  y for  the  light  becomes  fainter  by 
every  reflection  ; and  their  colours  fhall  lie  in 
a contrary  order  to  each  other,  the  red  of 
both-  bows  bordering  upon  the  fpace  GF, 
which  is  between  the  bows.  The  breadth 
of  the  interior  bow,  EOF,  mealured  crofs  the 
colours,  fli all  be  i°  45 > ^d  Ae  breadth  of 
the  exterior,  GOH,  fhall  be  3 10,  and  the 
diftance  between  them  GOF,  fhall  be  8 0 55* 
the  greatefl  femidiameter  of  the  innermoft, 
that  is,  the  angle  POF,  being  42°  2',  and 
the  lead;  femidiameter  of  the  outermoft  POG 
being  50°  57'.  Thefe  are  the  meafures  of 
the  bows,  as  they  would  be,  were  the  Sun  but 
a point  > for,  by  the  breadth  of  his  body, 
the  breadth  of  the  bows  will  be  increafed, 
and  their  diftance  diminilhed  by  half  a degree, 
and  fo  the  breadth  of  the  interior  iris  will  be 
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2°  1 5%  that  of  the  exterior  30  40',  their  dif- 
tance  8°  25  ; the  greateh  femidiameter  of  the 
interior  bow  420  if,  and  the  kah  of  the 
•exterior  50°  42'.  And  fuch  are  the  diinen- 
fions  of  the  bows  in  the  heavens  found  to  be 
very  nearly,  when  their  colours  appear  hrong 
and  perfect. 

The  light  which  comes  through  drops  df 
rain  by  two  refradions  without  any  refkdion 
ought  to  appear  hr.ongeh  at  the  dihance  .of 
about  26  degrees  from  the  Sun,  and  to  decay 
gradually  both  ways  as  the  dihance  from  hina 
increafes  and  decreafes.  And  the  fame  is  t© 
be  underhood  of  light  tranfmitted'  through 
ipherical  hail-hones.  And  if  the  hail  he  .a 
little  flatted,  as  it  often  is,  the  light  tranf- 
mitted  may  grow  fo  flrong  at  a little  lefs 
diflance  than  that  of  26  degrees,  as  to  form 
ahalo  about  the  Sun  and  Moon ; which  halo,, 
as  often  as  the  hones  are  duly  figured,,  may 
be  coloured,  and  then  it  muh  be  red  within* 
by  the'leah  refrangible  rays,  and  blue  with- 
out, by  the  moh  refrangible  ones. 

The  light  which  pahes  through  a drop 
of  rain  after  two  refradions,  and  three  or 
more  refledion-s,  is  karce  hrong  enough  te> 
caufe  a fenflble  bow. 


286  Separation  of  the  original  Rays  of  Light 


CHAP.  VI. 

Of  the  Separation  of  the  original  Rays  of  Light 
by  Reflection  or  Lranfiniflion , 'which  depends 
on  the  Lhicknefs  of  the  Medium  upon  which 
they  are  incident . 

t 

f | '\  H E original  or  component  rays  of 
X light  are  feparable  from  each  other, 
not  only  by  refra&ion,  or  by  varying  the  angle 
of  incidence  on  a reflecting  furface,  but  are 
likewife  at  like  incidences  more  or  lefs  re- 
flexible,  according  to  the  thicknefs  or  diftance 
between  the  two  furfaces  of  the  medium  on 
which  they  fall.  They  are  alfo  liable  to  be 
turned  out  of  their  diredt  courfe  by  approach- 
ing within  a certain  diftance  from  a body,  by 
which  means  a feparation  enfues,  the  rays 
being  more  or  lefs  deflected  as  they  differ  in 
colour.  Of  thefe  circumftances  it  will  be 
proper  to  give  fome  account. 

If  a glafs  or  lens,  whofe  furface  is  con- 
vex, or  a portion  of  a fphere,  be  laid  upon 
another  plain  glafs,  it  is  evident  that  it 

will 
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will  reft  or  touch  at  one  particular  point  only  ; 
and  therefore,  that  at  all  other  places  between 
the  adjacent  furfaces  will  be  interpofed  a thin 
plate  of  air,  the  thicknefs  of  which  will  in- 
creafe  in  a certain  ratio,  according  to  the  dis- 
tance from  the  point  of  contadl ; that  is  to 
fay,  in  arcs  whofe  verfed  fines  are  very  finally 
as  the  diameter  of  the  Sphere  is  to  the  fine 
of  the  arc,  fo  is  that  fine  to  the  verfed  fine 
or  thicknefs  of  the  air  at  the  diftance  mea- 
* fured  by  the  fine. 

Light  incident  upon  fuch  a plate  of  air  is 
difpofed  to  be  tranfmitted  or  reflected  accord- 
ing to  its  thicknefs : thus,  at  the  center  of 
contact,  the  light  is  tranfmitted,  and  a black 
circular  Spot  appears ; this  Spot  is  environed 
by  a circle,  the  colours  of  which,  reckoning 
from  the  internal  part,  are  blue,  white,  yel- 
low, red ; then  follows  another  circular 

« 

Series,  viz.  violet,  blue,  green,  yellow,  red ; 
then  purple,  blue,  green,  yellow,  red ; green, 
red;  greenifh  blue,  red ; greenifh  blue,  pale 
red;  greenifti  blue,  reddilh  white. 

Thefe  are  the  colours  which  appear  by  reflec- 
tion : by  the  tranfmitted  light  the  following  fe- 

o O 

riesare  Seen.  At  the  center  white,  then  yellow- 

i(h 


288  Alternate  Reflection  and  'Tranfmiflion 

ifh  red,  black  ; violet,  blue,  white,  yellow,  red; 
violet,  blue,  green,  yellow,  red,  &c.  To  that 
the  tranfmitted  light  at  any  thicknefs,  inftead 
of  white,  appears  of  the  compounded  colour 
which  it  ought  to  have  after  the  fubtradtion 
of  fome  of  the  conftituent  colours  by  reflection  ; 
after  which  feries  the  colours  become  too  faint 
and  dilute  to  be  difcerned.  It  is  obfervable, 
that  the  glafles  will  not  come  into  contadt 
without  a confiderable  degree  of  prefiure. 

By  admeafurement  it  appears,  that  the  rays 
of  any  particular  colour  are  difpofed  to  be 
reflected  when  the  thicknefles  of  the  plate  of 
air  are  as  the  numbers  i.  3.  5.  7.  9.  n- 
See.  and  that  the  fame  rays  are  difpofed  to 

1 

be  tranfmitted  at  the  intermediate  thick-* 
nefles,  which  are  as  the  numbers  o.  2.  4.  6 * 
8.  10.  &c. 

The  places  of  reflection  or  tranfmiflion  of 
the  feveral  colours  in  a feries  are  fo  near  each 
other,  that  the  colours  dilute  each  other  by 
mixture,  whence  the  number  of  feries  in 
the  open  day-light  feldom  exceeds  feven  or 
eight : but  if  the  fyftem  be  viewed  through 
a prifm,  by  which  means  the  rings  of  vari- 
ous colours  are  leparated  according  to  their 

refran- 
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refrangibilities,  they  may  be  feen  on  that 
fide  towards  which  the  refraction  is  made,  fo 
numerous,  that  it  is  impoflible  to  count 
them.  Or,  if  in  a dark  chamber  the  Sun’3 
light  be  feparated  into  its  original  rays  by  a 
prifm,  and  a ray  of  one  uncompounded  co- 
lour be  received  upon  the  two  glaffes  hereto- 
fore defcribed,  the  number  of  circles  will 
become  very  numerous,  and  both  the  re- 

i 

fleCted  and  tranfmitted  light  will  remain  of  the 
fame  colour  as  the  original  incident  ray.  In 
this  experiment  it  alfo  is  feen,  that  in  any 
feries,  the  circles  formed  by  the  lefs  refiran-* 
gible  rays  exceed  in  magnitude  thofe  which 
are  formed  by  the  more  refrangible  rays,  and 
confequently  that  in  any  feries  the  lefs  re- 
frangible rays  are  reflected  at  lefs  thickneffes 
than  thofe  which  are  more  refrangible. 

If  the  light  be  incident  obliquely,  the 
rings  of  colours  dilate  and  enlarge  themfelves; 
whence  it  follows,  that  the  thicknefs  re- 
quired to  refleCt  the  colours  of  any  feries  is 
different  in  different  obliquities. 

Water,  applied  to  the  edges  of  the  glaffes, 
is  attracted  between  them,  and  filling  ail  the 
Vo l.  I.  U 
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intercedent  fpace,  becomes  a thin  plate  of  the 
fame  dimenfions  as  that  which  before  was 
conftituted  of  air.  In  this  cafe  the  rings 
become  much  fainter,  but  vary  not  in  their 
fpecies,  and  are  contracted  in  diameter  nearly 
in  the  proportion  of  7 to  8 : confequently  the 
intervals  of  the  glades  at  like  circles  caufed  by 
thofe  two  mediums,  water  and  air,  are  as 
about  3 to  4;  that  is,  nearly  as  the  fines 
which  meafure  the  angles  of  incidence  and 
refraCtion,  made  at  a common  furface  between 
them.  And  hence  it  may  be  fufpeCted,  that 
if  any  other  medium,  more  or  lefs  denfethan 
water,  be  comprefied  between  the  two  glades, 
their  intervals  at  the  rings  caufed  thereby  will 
be  to  the  intervals  at  which  fimilar  rings  arc 
caufed  by  the  interjacent  air,  as  the  fine  which 
meafures  the  refraction  made  out  of  air  into 
that  medium  is  to  the  fine  of  the  incidence  on 
the  common  furface. 

Thefe  are  fome  of  the  phenomena  of  light 
incident  on  mediums  which  are  environed  by 
mediums  of  greater  denfity,  as  air  or  water 
comprefied  or  included  between  plates  of  glafs. 
The  fame  appearances  follow,  though  with 

fome 
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jfome  little  variation,  when  the  colorific  medium 
is  denfer  than  that  in  which  it  is  inclofed. 

It  is  well  known  that  bubbles  blown  in 
foap-water  exhibit  a great  variety  of  colours  j 
but  as  thefe  colours  are  commonly  too  much 
agitated  by  the  external  air  to  admit  of  any 
certain  observation,  it  is  neceffary  that  the 
bubble  be  covered  with  a clear  glafs ; in 
which  fituation  the  following  appearances 
enfue  : the  colours  emerge  from  the  vertex  or 
top  of  the  bubble,  and  as  it  grows  thinner  by 
the  fubfidence  of  the  water,  they  dilate  into 
circles  or  rings  parallel  to  the  horizon,  which 
flowly  defcend  and  vanifh  fucceffively  at  the 
bottom.  This  emergence  continues  till  the 
water  at  the  vertex  becomes  too  thin  to  re- 
fled  the  light,  at  which  time  a circular  fpot 
of  an  intenfe  blacknefs  appears  at  the  top, 
which  flowly  dilates  fometimes  to  1 of  an 
inch  in  breadth  before  the  bubble  breaks. 
Reckoning  from  the  black  central  fpot,  the 
reflected  colours  are  the  fame  in  fucceftion 
and  quality  as  thofe  produced  by  the  afore- 
mentioned plate  of  air,  and  the  appearance  of 
the  bubble,  if  viewed  by  tranfmitted  light, 
is  alfo  flmilar  to.  that  of  the  plate  of  air  in  like 
circumflances.  If 
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If  the  colours  be  viewed  with  different  obli- 
quities, their  place  is  changed,  but  not  near 
fo  much  as  in  the  plate  of  air. 

The  end  of  a fmall  glafs  tube  or  pipe  being 
melted,  by  turning  the  flame  of  a candle  or 
lamp  upon  it,  by  means  of  a blow-pipe,  may 
be  blown  into  a bubble  of  an  extreme  thin- 
nefs.  Such  a bubble  will  exhibit  colour 
of  the  fame  kind  as  the  foregoing,  but  much 
more  brifk  and  lively.  From  which,  and 
the  premifed  obfervatioas,  it  is  concluded, 
that  a deafer  medium  inclofed  by  one  that  is 
rarer  does^  exhibit  more  lively  colours  than 
thofe  which  are  produced  by  a rarer  medium 
included  in  one  that  is  more  denfe.  It  is  alfo 
obfervable,  that  the  colours  which  are  pro- 
duced by  reflection  from,  or  tranfmiffion 
through,  denfe.  fubftances,  do  vary  lefs  by 
change  of  the  obliquity  of  the  incident  light 
than  they  do  in  fubftances  which  are  more  rare. 

By  wetting  very  thin  plates  of  Mofcovv 
glafs,  whofe  thinnefs  occafton  the  like  colours 
to  appear,  the  colours  become  more  faint  and 
languid,  efpecially  if  wetted  on  the  furface 
oppofite  to  the  eye  but  no  variation  of  theiz 
fpecies  is  produced : fo  that  the  thicknefs  of 

any 
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■any  plate,  requifite  to  produce  any  colour, 
'depends  only  on  the  denfity  of  the  plate,  and 
not  on  that  of  the  ambient  medium : and 
hence  may  be  known  the  thicknefs  which 
thin  plates  of  any  tranfparent  fubftance  hav.e^ 
at  the  place  at  which  a given  colour  in  any 
ieries  is  produced.  For, 

As  the  fine  of  the  angle  of  incidence  at  the 
common  furface 

Is  to  the  fine  of  .the  angle  of  refraction  out 
of  the  given  medium  into  air,. 

So  is  the  thicknefs  of  a plate  of  air  which 
exhibits  the  given  colour 
To  the  thicknefs  of  the  given  plate. 


CHAP.  VII. 

\ 

General  Inferences  refp  effing  the  Difpofition  to 
be  rejleffed  or  tranfmitted , into  which  the 
rays  of  Light  are  put , by  the  Affion  which 
depends  on  the  Lhicknefs  of  the  Medium  upon 
which  they  are  incident . 


f ti  'HE  experiments  or  obfervations  in  the 
-a-  lafl  chapter  being  maturely  weighed 
and  confidered,  indicate  the  following  theo- 
rem or  general  proposition  ; namely, 

U 3 Every 
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Every  ray  of  light  in  its  paflage  through  any 
refracting  furface  is  put  into  a certain  tranfient 
conftitution  or  ftate,  which  in  the  progrefs  of 
the  ray  returns  at  equal  intervals,  and  difpofes 
the  ray,  at  every  return,  to  be  eafijy  tranfmitted 
through  the  next  refraCting  furface,  and,  be- 
tween the  returns,  to  be  eafily  reflected  by  it. 

For,  by  thofe  obfervations  it  appears,  that 
one  and  the  fame  fort  of  rays,  at  equal  angles 
of  incidence  on  any  thin  tranfparent  plate,  is 
alternately  reflected  and  tranfmitted  for  many 
fucceflions;  accordingly,  as  the  thicknefs  of 
theplate  increafes  in  arithmetical  progreflion  of 
the  numbers  o,  i,  2,  3,  4,  5,  6,  7,  8,  &c.  fo 
that  if  the  flrft  reflection,  or  that  which  makes 
the  firfl:  or  innermofl  ring  of  colours,  be 
made  at  the  thicknefs  1,  the  rays  fhall  be 
tranfmitted  at  the  thicknefles  o,  2,  4,  6,  8, 
10,  12,  &c.  and  thereby  make  the  central 
foot  and  rings  of  light  which- appear  by  tranf- 
miflion,  and  be  reflected  at  the  thicknefles 
1,  3>  5>  7,  9,  11,  &c.  and  thereby  make 
the  rings  which  appear  by  reflection.  AncJ 
this  alternate  reflection  and  tranfmiflion  con- 
tinues for  a great  number  of  vicifiitudes,  and 
by  other  obfervations,  which  for  the  fake  of 
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brevity  are  omitted,  for  many  thoufands,  be- 
ing propagated  from  one  furface  of  a glafs- 
plate  to  the  other,  though  the  thicknefs  of  the 
plate  be  a quarter  of  an  inch  or  above : fo 
that  this  alternation  feems  to  be  propagated 
from  every  refraCting  furface  to  all  distances 
without  end  or  limitation.  And  becaufe  the 
ray  is  difpofed  to  reflection  at  the  thicknefles 
1,  3,  5,  7,  &c.  and  to  tranfmiffion  at  the 
thicknefles  o,  2,  4,  6,  8,  &c.  for  its  trank 
million  through  the  firft  furface  is  at  the  dis- 
tance o,  and  it  is  tranfmitted  through  both 
together,  if  their  diftance  be  infinitely  little, 
- or  much  lefs  than  1,  the  difpofition  to  be  tranf- 
mitted at  the  difiances  2,  4,  6,  8,  &c.  is  to  be 
accounted  areturn  of  the  fame  difpofition  which 
the  ray  firft  had  at  the  diftance  o,  that  is,  at  its 
fxanfmiffion  through  the  firft  refraCting  furface. 

This  alternate  reflection  and  tranfmiffion 
depends  on  both  the  Surfaces  of  every  thin 
plate,  becaufe  it  depends  on  their  diftance. 
For  if  either  furface  pf  a thin  plate  of 
Mofcovy-glafs  be  wetted,  the  colours  grow 
faint : it  muft  therefore  depend  upon  both. 

It  is  therefore  performed  at  the  Second  fur- 
face ; for  if  it  were  performed  at  the  firft, 

V 4 before 
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before  the  rays  arrive  at  the  feeond,  it  would 
<not  depend  on  the  feeond. 

It  is  alfo  influenced  by  fome  a&ion  or  dif- 
pofition, propagated  from  the  firfl:  to  the  fe- 
cond,  becaufe  otherwife  at  the  feeond  it  would 
not  depend  upon  the  firfl:.  And  this  a&ion  or 
difpofition,  in  its  propagation,  intermits  and 
returns  by  equal  intervals,  becaufe  in  all  its 
progrefs  it  inclines  the  ray  at  one  diftance  from 
the  firfl:  furface  to  be  reflected  by  the  feeond, 
at  another  to  be  tranfmitted  by  it,  and  that, 
by  equal  intervals,  for  innumerable  viciflitudes. 
The  returns  of  the  difpofition  of  any  ray 

to  be  reflected  are  termed  its  fits  of  eafy  reflec- 

* 

tion,  and  thofe  of  its  difpofition  to  be  tranf- 
mitted its  fits  of  eafy  tranfmiflion  ; and  the 
fpace  it  pafies  through  between  every  return* 
and  the  next  return,  the  interval  of  its  fits. 

Thus,  let  CDFE  (fig.  65.)  reprefent  a 
tranfparent  medium,  fuppofe  water,  upon 
which  the  ray  AB  is  incident  at  a point  in 
the  upper  furface  o,  o.  Draw  the  line  1,1, 
and  let  the  interval  between  it  and  o,  o be 
every  where  equal  to  the  diflance  between 
the  two  furfaces  of  the  nlate  of  water,  deferib- 

1 

pd  in  the  laft  chapter,  when  the  firfl:  ring  of 

colour 
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colour  is  reflected.  Then,  if  the  inferior 
furface  of  the  medium  were  at  j,  1,  the 
ray  would  be  reflected  upon  the  fame  prin- 
ciple as  the  ring  of  colour,  and  therefore  at 
1,  1 it  is  in  a fit  of  eafy  reflection.  Draw 
the  parallel  2,  2 at  the  fame  diflance  from  1,  1, 
and  the  difiance  between  0,0,  and  2,  2 will  be 
that  furface  at  which  in  the  afore- mentioned 
plate  the  firfi  ring  of  colour  is  tranfmitted : the 
ray  would  therefore  be  tranfmitted  if  the  infe- 
rior furface  were  at  2,  2,  and  confequently  it 
is  there  in  a fit  of  eafy  tranfmifiion.  At  3,  3 it 
is  again  in  a fit  of  eafy  reflection,  and  by  ap- 
plying the  fame  argument  to  the  equidif- 
tant  lines  4,  4 ; 5,  55  6,  6;  7,  7;  8,  8 ; it  will 
appear  that  the  ray  will  be  alternately  dif- 
pofed  to  tranfmifiion  and  refledtion  ; and  if 
the  laft  parallel  or  the  inferior  furface  be  dif- 
tant  from  the  fuperior  furface  o,  o,  by  an 
even  number  of  intervals,  the  ray  will  arrive 
there  in  a fit  of  eafy  tranfmifiion  and  emerge; 
but  if  the  number  be  odd,  it  will  arrive  in  a 
fit  of  eafy  reflection,  and  return  back  into  the 
medium.  The  difiance  between  the  lines  0,0 
and  2,  2 ; 2,  2 and  4,  4,  &c.  are  the  intervals 
gf  the  fits  of  eafy  tranfmifiion,  and  the  dis- 
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tances  between  1,  1 and  3,  3 j 3,  3 and  5,  5,  &c, 
are  the  intervals  of  the  fits  of  eafy  reflection. 

What  kind  of  aCtion  or  difpofition  this 
may  be,  whether  it  cor.fifl:  in  a circulating 
or  a vibrating  motion  of  the  ray  or  of  the  me- 
dium, or  fomething  elfe,  experiments  are 
wanting  to  determine.  But  the  faCts  are  not 
the  lefs  true  on  account  of  our  ignorance  of 
the  mode  of  their  origin.  That  truly  great 
man,  to  whofe  penetration  and  industry  we 
are  indebted  for  almofl:  all  the  knowledge  we 
have  of  the  phyfical  properties  of  light,  has, 
with  great  modefty,  propofed  an  hypothefis 
for  the  folution  of  thefe  appearances.  It  is 
not  without  its  difficulties,  and  mufl:  there- 
fore be  received  with  the  fame  caution  as  it 
was  propofed,  till  experiment  fhall  either  con- 
firm it,  or  fubflitute  another  theory  in  its  place. 

The  Hypothefis.  It  may  be  fuppofed? 
that  as  Hones  by  falling  into  water  put  the 
water  into  an  undulating  motion,  and  all  bo- 
dies by  percuflion  excite  vibrations  in  the 
air;  fo  the  rays  of  light,  by  impinging  op 
any  refraCting  or  reflecting  furface,  excite  vi- 
brations in  the  refraCting  or  reflecting  medium 
or  fub (lance,  and  by  exciting  them,  agitate 

the 


Reflection  and  franfmiffltfn  of  Light.  299 

the  folid  parts  of  the  refracting  or  reflecting 
body,  and  by  agitating  them,  caufe  the  body 
to  grow  warm  or  hot;  that  the  vibrations  thus 

excited  are  propagated  in  the  refraCting  or 

* ■ 

reflecting  medium  or  fubflance  much  after  the 
planner  that  vibrations  are  propagated  in  the 
air  for  caufing  found,  and  move  fafter  than  the 
rays,  fo  as  to  overtake  them  ; and  that  when 
any  ray  is  in  that  part  of  the  xvibration  which 
confpires  with  its  motion,  it  eafily  breaks 
through  a refraCting  furface,  but  when  it  is 
in  the  contrary  part  of  the  vibration  which 
impedes  its  motion,  it  is  eafily  reflected;  and, 
by  confequence,  that  every  ray  is  fuccef- 
flvely  difpofed  to  be  eaflly  reflected  or  eafily 
tranfmitted  by  every  vibration  which  over- 
takes it. 


CHAP.  VIH. 

\ 

Of  the  permanent  Colours  of  natural  Bodies , 
and  the  Analogy  between  them  and  the 

Colours  of  thin  tranfparent  Plates. 

* 

T T has  already  been  fhewn,  that  the  colours 
4-  of  natural  bodies  corifift  in  a difpofition 
to  reflect  the  rays  of  one  fort  of  light  more 
copioufly  than  the  reft.  But  their  conflitu- 

tion. 
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tion,,  whereby  they  reflect  fome  rays  more 
copiouily  than  others,  remains  to  be  difclofed; 
which  fliall  be  the  bufmefs  of  the  prefent 
chapter. 

Thofe  fuperficies  of  tranfparent  bodies  re- 
flect the  greateft  quantity  of  light,  which 
have  the  greateft  refrading  power ; that  is, 
which  intercede  mediums  that  differ  moft  in 
their  refradive  denfities.  And  in  the  con- 
fines of  equally  refrading  mediums  there  is 
no  refledion. 

The  analogy  between  refiedion  and  refrac- 
tion  will  appear  by  confidering  that  the  moft 
refradive  mediums  do  totally  refled  the  rays  of 
light  atlefs  angles  of  incidence,  as  was  before 
fhewn.  But  the  truth  of  the  propofition  will 
further  appear  by  obferving,  that  in  the  com- 
mon fuperficies  of  two  tranfparent  mediums, 
the  refledion  is  ftronger  or  weaker  accord- 
ingly as  the  fuperficies  hath  a greater  or 
lefs  refradive  power.  If  any  tranfparent  folid 
be  immerged  in  water,  its  refledion  becomes 
much  weaker  than  before,  and  (till  weaker 
if  immerged  in  a fluid  whofe  refrading  power 
is  yet  ftronger  than  that  of  water.  If  water 

be  diftinguiflied  into  two  parts  by  an  miagi- 

narv 
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nary  furface,  the  refledtion  in  the  confine  of 
thofe  two  parts  is  none  at  all.  In  the  con- 
fine of  water  and  ice  it  is  very  little ; in  that 
of  water  and  oil  fomething.  greater ; in  that 
of  water  and  fal-gemm  dill  greater  ^ and  in 
that  of  water  and  glafs,  or  crydal,  or  other 
denfer  fubftances  hill  greater,  accordingly  as 
thofe  mediums  differ  more  or  lefs  in  their 
refradtive  powers.  The  reafon  then  why 
uniform  pellucid  mediums,  as  water,  glafs  or 
crydal,  have  no  fenfible  refledlion,  but  at 
their  external  fuperficies,  where  they  are  ad- 
jacent to  other  mediums  of  a different  den- 
fity,  is  that  all  their  contiguous  parts  have 
one  and  the  fame  degree  of  denfity. 

The  lead  parts  of  almod  all  natural  bodies, 
are  in  fome  meafure  tranfparent  : and  the 
opacity  of  bodies  arifes  from  the  multi- 
tude of  refledtions  caufed  in  their  internal 
parts. 

This  may  be  eafily  feen  by  viewing  fmali 
fubflances  with  the  microfcope  or  magnifying 
glafs,  for  they  appear  for  the  mod  part  tranf- 
parent. And  it  may  alfo  be  tried  by  means 
of  the  light  intromitted  through  a hole  into 
a dark  chamber.  For  any  fubdance,  how 


opake 


I 


302  Of  the  permanent  Colours  oj 

opake  foever,  if  it  be  reduced  to  a fudicient 
thinnefs,  and  applied  to  the  hole,  will  ap- 
pear manifedly  tranfparent.  Only  white  me- 
talline bodies  mud  be  excepted,  which  by 
reafon  of  their  very  great  denfity,  feem  to 
reded  almoft  all  the  light  incident  on  their 
fird  fuperficies,  unlefs  by  folution  in  men- 
druums,  they  be  reduced  into  very  fmall 
particles,  and  then  they  alfo  become  tranf- 
parent. 

between  the  parts  of  opake  or  coloured 
bodies  are  many  fpaces,  either  empty  or  re- 
plenifhed  with  mediums  of  other  denfities ; 
as  water  between  the  tinging  corpufcles  with 
which  any  liquor  is  impregnated,  air  between 
the  aqueous  globules  that  conditute  clouds 
and  mills ; and  for  the  mod  part,  fpaces  void 
both  of  air  and  water,  but  yet,  perhaps,  not 
void  of  all  fubdance,  between  the  parts  of 
hard  bodies. 

The  truth  of  this  is  evinced  by  the  two 
precedent  proportions  : for,  by  the  fecond, 
there  are  many  reflections  made  by  the  in- 
ternal parts  of  bodies,  which  would  not  hap- 
pen if  the  parts  of  thofe  bodies  were  con- 
tinued without  any  fuch  interdices  between 

them 
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them;  becaufe  reflections  are  only  made  in 
fuperflcies  which  intercede  mediums  of  dif- 
ferent den  fi  ties. 

A yet  farther  proof  that  the  opacity  of 
bodies  arifes  from  this  difcontinuation  of  their 
parts  may  be  had,  by  confldering  that  opake 
fubflances  become  tranfparent,  by  filling  their 
pores  with  any  fub fiance  of  an  equal  or 
nearly  equal  denfity  with  their  parts.  Thus, 
paper  dipped  in  water  or  oil,  the  oculus 
mundi  ftone  fleeped  in  water,  linen  cloth 
oiled  or  varnifhed,  and  many  other  fubflances 
foaked  in  fuch  liquors  as  will  intimately 
prevade  their  pores,  become  by  that  means 
more  tranfparent  than  otherwife ; fo,  on  the 
contrary,  tne  moft  tranfparent  fubflances 
may,  by  evacuating  their  pores,  or  feparating 
their  parts,  be  rendered  fufficiently  opake, 
as  falts,  or  wet  paper,  or  the  oculus  mundi 
flone,  by  being  dried ; horn,  by  being  feraped  ; 
glafs,  by  being  reduced  to  powder,  or  other- 
wife  flawed;  turpentine,  by  being  flirred 
about  with  water  till  they  mix  imperfedly ; 
and  water,  by  being  formed  into  many  fmall 
bubbles,  either  alone  in  the  form  of  froth, 
or  by  fhaking  it  together  with  oil  of  turpen- 
tine. 
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tine,  or  fome  other  convenient  liquor  with 
which  it  will  not  perfectly  incorporate. 

The  paits  of  bodies  and  their  interfaces 
mutt  not  be  lefs  than  fome  definite  bi>rfefs, 
to  render  them  opake  and  coloured. 

For  the  opakeft  bodies,  if  their  parts  be 
fubtilely  divided,  as  metals,  by  being  diffolved 
in  acid,  menftru'ums,  &c.  become  perfectly 
tranfparent.  And  it  may  alfo  be  remem- 
bered, that  the  black  lpot  near  the  point  of 
contact  of  the  two  plates  ofglafs  being  of  fome 
confiderable  breadth,  tranfmitted  the  whole 
light  where  the  glaffes  did  not  abfolutely 
touch.  And  the  reflection  at  the  thinneft  part 
of  the  foap  bubble  was  fo  mfenfible  as  to 
make  that  part  appear  intenlely  black,  by  the 
want  of  reflected  light* 

On  thefe  grounds  it  is,  that  water,  fait, 
glafs,  {tones,  and  fuch  like  fubftances  are 
tranfparent.  For  on  many  confiderations 
they  feem  to  be  as  full  of  pores  or  interfaces 
between  their  parts  as  other  bodies  are,  but 
yet  their  parts  and  interfaces  to  be  too  fmalf 
to  caufe  reflection  in  their  common  l'urfaces. 

The  tranfparent  parts  of  bodies,  according 
to  their  feveral  fizes,  mu  ft  refleCt  rays  of  one 
2 colour. 
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colour,  and  tranfmit  thofe  of  another,  on  the 
fame  around  that  thin  plates  or  bubbles  do 
refled  or  tranfmit  thofe  rays.  And  this  is 

the  ground  of  all  their  colours. 

For  if  a thin  body  or  plate,  which,  being  of 
an  even  thicknefs,  appears  all  over  of  one  uni- 
form colour,  fhould  be  flit  into  threads  or  bro- 
ken into  fragments  of  the  fame  thicknefs  with 
the  plate,  there  is  no  reafon  why  every  thread 
or  fragment  fhould  not  keep  its  colour, 
and  by  confequence,  why  a heap  of  thofe 
threads  or  fragments  fhould  not  conftitute  a 
mafs  or  powder  of  the  fame  colour  which 
the  plate  exhibited  before  it  was  broken. 
And  the  parts  of  all  bodies  being  like  fo 
many  fragments  of  a plate,  muft  on  the  fame 
grounds  exhibit  the  fame  colours. 

Now  that  they  do  fo,  will  appear  by  the 
affinity  of  their  properties.  The  finely  co- 
loured feathers  of  fome  birds,  and  particularly 
thofe  of  peacocks  tails,  do  in  the  very  fame 
part  of  the  feather  appear  of  feveral  colours  i rt 
feveral  pofitions  of  the  eye.  Likewife  the 
fine-fpun  webs  of  fome  fpiders  appear  colour- 
ed; and  the  fibres  of  fome  filks,  by  varying 
the-pofition  of  the  eye,  do  vary  their  colours. 
Vol.  I.  X Alfo 
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Alfo  the  colours  of  filks,.  cloths,  and  other 
fubftances  which  liquids  can  eafily  penetrate* 
become  more  faint  by  being  wetted,  much 
after  the  manner  of  the  plate  of  Mofcovy 
glafs,  and  recover  their  vigour  again  by 
being  dried.  In  like  manner,,  if  we  con- 
sider the  various  phenomena  of  the  atmo- 
Sphere,  we  may  obferve,,  that  when  vapours 
are  firft  raifed,.they  hinder  not  the  tranfparency 
ef  the  air,,  being  divided  into  parts  too  Small 
to  caufe  any  reflection-  at  their  Superficies-, 
But  when,  in  order  to  compofe  drops  of  rain, 
they  begin  to  coalefce,  and  constitute  globules 
of  all  intermediate  Sizes*  thofe  globules, 
when  they  become  of  a convenient  fize  to 
reflect  Some  colours  and  tranSmit  others,  may 
constitute  clouds  of  various  colours-,  according 
to  their  fizes,  And  in  faCt,  it  is  difficult  to 
conceive  any  thing  or  property  in  So  trans- 
parent a body  as  water  for  the  production  off 
thefe  colours,  except  the  various  fizes  of  its- 
fluid  and  globular  parcels. 

The  parts  of  bodies,  on  which  their  colours- 
depend,  are  denfer  than,  the  medium  which- 
prevades  their  interfiices.. 


For 
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Fof  if  they  t^ere  not,  the  variation  of 
colour,  arifing  from  the  various  obliquities  of 
the  incident  light*  would  compound  a mixt 
and  imperfedt  colour,  and  never  io  vivid  as 
experience  evinces.  But  when  the  parts  are 
much  denfer  than  the  ambient  medium  this 
variation  is  not  fo  confiderable ; and  therefore 
the  rays  which  are  reflected  lead  obliquely 
may  predominate  over  the  reft,  fo  much  as 
to  caufe  a heap  of  fuch-  particles  to  appeal* 
Very  intenfely  of  their  colour* 

And  hence  the  magnitude  of  the  com- 
ponent parts  of  natural  bodies  may  be  con- 
jectured by  their  colours. 

For*  fince  the  parts  of  thefe  bodies  are  of 
about  the  fame  denlity  as  water  or  glafs* 
as  by  many  circumftances  is  obvious  to  col- 
lect, it  is  highly  probable  that  they  exhibit 
the  fame  colours  with  a plate  of  equal  thick- 
nefs.  That  colour  being  known,  the  thick- 
nefs  may  be  eafily  found  by  the  preceding 
obfervationSi 


Of  Reft:  ft  ion 


3°S 

} 

i • 

CHAP.  IX. 

Of  the  Powers  by  which  Bodies  ref  eft  or  rfraci 
the  Rays  of  Light . 

t to  ' H E reflection  of  light  is  not  caufed 
-fi-  by  its  impinging  or  ftriking  on  the 
folid  parts  of  bodies. 

This  will  appear  by  the  following  con- 
fiderations.  Firft,  That  in  the  paffage  of  light 
out  of  glafs  into  air,  there  is  a reflection  as 
ftrong  as  in  its  paffage  out  of  air  into  glafs, 
or  rather  a little  ftronger,  and  by  many  de- 
grees  ftronger  than  in  its  paffage  out  of  glafs 
into  water.  And  it  feems  not  probable,  that 
air  fhould  have  more  reflecting  parts  than 
water  or  glafs.  But  if  that  fhould  poflibly 
be  fuppofed,  yet  it  will  avail  nothing;  for 
the  reflection  is  as  ftrong.  or  ftronger,  when 
the  air  is  drawn  away  from  theglafs,  as  when 
it  is  adjacent  to  it.  Secondly,  If  light  in  its 
paffage  out  of  glafs  into  air  be  incident  more 
obliquely  than  at  an  angle  of  40  or  41  degrees, 
it  is  wholly  reflected ; if  lefs  obliquely,  it  is 
’*  T in 
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in  a great  meafure  tranfmitted.  Now  it  is  not 
to  be  imagined  that  light,  at  one  degree  of 
obliquity,  fhould  meet  with  pores  enough  in 
the  air  to  tranfmit  the  greater  part  of  it,  and 
at  another  degree  of  obliquity,  fhould  meet 
with  nothing  but  parts  to  reflect  it  wholly ; 
efpecially  confidering  that  in  its  paffage  out 
of  air  into  glafs,  how  oblique  foever  be  its 
incidence,  it  finds  pores  enough  in  the  glafs 
to  tranfmit  the  greatefi:  part  of  it.  If  any 
one  fuppofe  that  it  is  not  reflected  by  the 
air,  but  by  the  outmoft  fuperficial  parts  of 
the  glafs,  there  is  ftill  the  fame  difficulty : 
befides,  that  fuch  a fuppofition  is  unintelli- 
gible, and  will  alfo  appear  to  be  falfe,  by  ap- 
plying water  behind  fome  part  of  the  glafs 
inflead  of  air.  For  fo  in  a convenient  ob- 
liquity of  the  rays,  fuppofe  of  45  or  46  de- 
grees, at  which  they  are  all  reflected  where 
the  air  is  adjacent  to  the  glafs,  they  fhall  be 
in  great  meafure  tranfmitted  where  the  water 
is  adjacent  to  it ; which  argues  that  their  re- 
flection depends  on  the  conflitution  of  the 
air  and  water  behind  the  glafs,  and  not  in 
the  ftriking  of  the  rays  upon  the  parts  of  the 
glafs.  Thirdly,  If  the  colours  made  by  a 
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prifm  placed  at  the  entrance  of  a beam  of 
light  into  a darkened  room  be  fucceflively 
caft  on  a fecond  prifm  placed  at  a diftance 
from  the  former,  in  fuch  manner  that  they 
are  all  alike  incident  upon  it,  the  fecond 
prifm  may  be  fo  inclined  to  the  incident 
rays,  that  thofe  which  are  of  a blue  colour 
flhall  be  all  reflected  by  it,  and  yet  thofe  of  a 
red  colour  pretty  copioufly  tranfmitted.  Now, 
if  the  reflection  be  caufed  by  the  parts  of 
air  or  glafs,  it  may  be  demanded  why, 
at  the  fame  obliquity  of  incidence,  the  blue 
fhould  wholly  impinge  on  thofe  parts,  fo  as 
to  be  all  reflected,  and  yet  the  red  find  pores 
enough  to  be  in  great  meafure  tranfmitted. 
Fourthly,  Where  two  glades  touch  one  ano-? 
ther  there  is  no  fenfible  reflection,  as  was  be- 
fore obferved ; and  yet  no  reafon  can  be 
given  why  the  rays  fhould  not  impinge  on 
the  parts  of  the  glafs  as  much  when  contigu- 
ous to  other  glafs  as  when  contiguous  to  air. 
Fifthly,  When  the  top  of  a foap  water  bubble, 
by  the  continual  fubfiding  and  exhaling  of 
the  water,  becomes  very  thin,  there  is  fuch 
a little  and  almoft  infenfible  quantity  of  light 
reflected  from  it,  that  it  appears  intenfely 

black  i 
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Mack ; whereas,  round  about  that  black 
fpot,  where  the  water  is  thicker,  the  re- 
jection is  fo  flrong  as  to  make  the  water 
ieem  very  white.  Nor  is  it  only  at  the  lead; 
thicknefs  of  thin  plates  or  bubbles,  that  there 
as  no  manifefl  .reflection,  but  at  many  other 
thickneffes  continually  greater  and  greater.. 
For  the  rays  of  the  fame  colour  are  by  turns 
.transmitted  at  one  thicknefs,  and  reflected 
at  another  thicknefs  for  an  indeterminate 
number  of  fucceffions.  And  yet,  in  the 
Superficies  of  the  thin  body,  where  it  is 
-of  any  one  thicknefs,  there  are  as  many 
parts  for  the  rays  to  impinge  on,  as 
where  it  is  of  any  other  thicknefs..  Sixth- 
ly, If  reflection  were  caufed  by  the  parts 
■of  reflecting  bodies,  it  would  be  impof- 
fxble  for  thin  plates  or  bubbles  at  the  fame 
place  to  refleCt  the  rays  of  one  colour, 
.and  tranfmit  thofe  of  another.  For  it  is 
not  to  be  imagined,  that  at  one  place  the 
-rays  which,  for  inftance,  exhibit  a blue  co*- 
lour,  fhould  have  .the  fortune  to  dafl-i  upon 
the  parts,  and  thofe  which  exhibit  a red  to 
hit  upon  the  pores  of  the  body;  and  then 
SX  another  place,  where  the  body  is  -either 
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a little  thicker  or  a little  thinner,  that  on  the 
contrary,  the  blue  fliould  hit  upon  its  pores, 
and  the  red  upon  its  parts.  Laftly,  Were 
the  rays  of  light  refleded  by  impinging  on 
the  folid  parts  of  bodies,  their  refledions 
from  polifhed  bodies  could  not  be  fo  re- 
gular as  they  are.  For  in  polifhing  glafs 
with  fand,  putty,  or  tripoly,  it  is  not  to  be 
imagined  that  thofe  fubftances  can,  by  grat- 
ing and  fretting  the  glafs,  bring  all  its  lead 
particles  to  an  accurate  polifh,  fo  that  all 
their  furfaces  fhall  be  truly  plane  or 
truly  fpherical,  and  look  all  the  fame  way 
fo  as  together  to  compofe  one  even  furface. 
The  fmaller  the  particles  of  thofe  fubftances 
are,  the  fmaller  will  be  the  fcratches  by 
which  they  continually  fret  and  wear  away 
the  glafs  until  it  be  poliihed  ; but  be  they 
ever  fo  fmall,  they  can  wear  away  the  glafs  no 
otherwife  than  by  gratingand  fcratching  it,  and 
breaking  the  protuberances,  and  therefore 
polifh  it  no  otherwife  than  by  bringing  its 
roughnefs  to  a very  fine  grain,  fo  that  the 
fcratches  and  frettings  of  the  furface  become 
too  fmall  to  be  vifible.  And  therefore,  if 
light  were  refleded  by  impinging  upon  the 

folid 
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folid  parts  of  the  glafs,  it  would  be  fcattered 
as  much  and  as  irregularly  by  the  mod 
polifhed  glafs  as  by  the  roughed.  So  then 
it  remains  a problem,  how  glafs  polifhed 
by  fretting  fubdances  can  reflect  light  fo 
regularly  as  it  does.  And  this  problem  is 
fcarce  otherwife  to  be  folved  than  by  faying, 
that  the  reflection  of  a ray  is  effected  not  by 
a Angle  point  of  the  reflecting  body,  but  by 
fome  power  of  the  body  which  is  evenly 
diffufed  all  over  its  furface,  and  by  which 
it  aCts  upon  the  ray  without  immediate  con- 
tact : for  that  the  parts  of  bodies  do  aCt 
upon  light  at  a didance  fhall  be  fhewn 
hereafter. 

Now  if  light  be  reflected,  not  by  impinging 
on  the  folid  parts  of  bodies,  but  by  fome 
other  principle,  it  is  probable  that  as  many 
of  its  rays  as  impinge  on  the  folid  parts,  of 
bodies  are  not  reflected,  but  ftifled  or  lod  in 
the  bodies.  For  otherwife,  we  mud  allow 
two  forts  of  reflections.  Should  all  the  rays 
be  reflected  which  impinge  on  the  folid  parts 
of  clear  water  or  crydal,  thofe  fubdances 
would  rather  have  a cloudy  colour  than  a 
clear  tranfparency.  To  make  bodies  look 

black 
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black  in  all  portions,  it  is  neceftary  that  many 
rays  be  flopped,  retained,  and  loft  in  them  ; 
and  it  is  difficult  to  conceive  that  any  rays  can 
be  ftopt  and  llifled  in  them  which  do  not 
impinge  on  their  parts. 

Bodies  refledt  and  refradt  light  by  one  and 
the  fame  power,  varioufty  exercifed  in  various 
circumftances. 

This  appears  by  feveral  confiderations. 
Firft,  Becaufe  when  light  goes  out  of  glafs 
into  air  as  obliquely  as  it  can  poffibly  do,  if 
its  incidence  be  made  ftill  more  oblique,  it 
becomes  totally  refledled.  For  the  power  of 
the  glafs,  after  it  has  refradled  the  light  as 
obliquely  as  is  poffible,  if  the  incidence  be 
ftill  made  more  oblique,  becomes  too  ftrong 
to  let  any  of  its  rays  go  through,  and  by 
confequence  caufes  total  reflection.  Secondly, 
Becaufe  light  is  alternately  reflected  and  tranf- 
mitted  by  thin  plates  of  glafs  for  many  fuc- 
ceffions,  accordingly  as  the  thicknefs  of  the 
plate  increafes  in  an  arithmetical  progreffion. 
For  here  the  thicknefs  of  the  glafs  determines 
whether  that  power  by  which  glafs  adts  upon 
light  ffiall  caufe  it  to  be  refledled,  or  fufter  it 
fo  be  tranfmjtted,  And  thirdly,  Becaufe 

thofcs 
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thole  furfaces  of  tranfparent  bodies  which 
have  the  greateft  refrading  power  do  alfo 
refled  the  greateft  quantity  of  light,  as  was 
fhewn  in  the  firft  propofition  of  this  chapter. 


CHAP.  X. 

Of  the  Inflections  oj  the  Rays  of  Light  which 
pafs  in  the  Vicinities  of  Bodies. 

IT  is  obfervable,  that  if  a beam  of  the  Sun’s 
light  be  let  into  a dark  room  through  a 
very  fmall  hole,  the  fhadows  of  things  in  this 
light  will  be  larger  than  they  ought  to  be  if 
the  rays  went  on  by  the  bodies  in  flrait  lines, 
and  that  thefe  fhadows  have  three  parallel 
fringes,  bands,  or  ranks  of  colours  adjacent  to 
them.  The  principal  circumftances  of  the 
phenomenon  are  as  follow. 

If  a beam  of  the  Sun’s  light  be  admitted 
into  a darkened  chamber  through  a hole  of 
the  breadth  of  the  forty-fecond  part  of  an  inch, 
or  thereabouts,  the  fhadows  of  hairs,  thread, 
draws,  and  other  fmall  bodies  appear  confi- 

derably 
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derably  broader  than  they  would  be  if  the 
light  pafled  by  them  in  ftrait  lines.  For  ex- 
ample; a hair,  whofe  breadth  was  the  280th 
part  of  an  inch,  being  held  in  this  light  at  the 
distance  of  about  twelve  feet  from  the  hole, 
did  call:  a fhadow  which,  at  the  diftance  of 
four  inches  from  the  hair,  was  the  fixtieth 
part  of  an  inch  broad,  that  is,  above  four 
times  broader  than  the  hair;  and  at  the  dif- 
tance of  ten  feet,  was  the  eighth  part  of 
an  inch  broad,  that  is,  thirty-five  times 
broader. 

Nor  is  the  effedt  altered  by  an  alteration 
in  the  denfity  of  the  medium  contiguous 
to  the  hair,  for  its  fhadow  at  like  difiances 
was  equal,  whether  it  was  in  the  open  air  or 
inclofed  between  two  plates  of  wet  glafs,  care 
being  had  that  the  incidence  and  emergence 
of  the  ray  was  perpendicular  to  -the  glafies. 
Scratches  on  the  furface  or  veins  in  the  body 
of  polifhed  glafies  did  alfo  call;  the  like  broad 
fhadows.  And  therefore  the  great  breadth 
of  thefe  fhadows  mufi  proceed  from  fome 
other  caufe  than  the  ufual  refradtion  which 
might  arife  from  any  adtion  of  the  ambient 
medium. 


Let 
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Let  the  circle  X (fig.  66.)  reprefent  the 
middle  of  the  hair;  ADG,  BEH,  CFI, 
three  rays  pafling  by  one  fide  of  the  hair  at 
feveral  diftances;  KNQ^,  LOR,  MPS,  three 
other  rays  pafling  by  the  other  fide  of  the 
hair  at  the  like  distances ; D,  E,  F,  and  N,  O,  P, 
the  places  where  the  rays  are  bent  in  their 
paflage  by  the  hair;  G,  H,  I,  and  Q^RS, 
the  places  where  the  rays  fall  on  a paper, 
GQj  IS  the  breadth  of  the  flbadow  of  the 
hair  caft  on  the  paper ; and  TI,  VS,  two  rays 
which  fall  on  the  points  I and  S,  without 
being  at  all  deflected  by  the  action  of  the 
hair.  Then  it  is  manifeft  that  all  the  rays 
between  TI  and  VS  are  bent  in  pafling  by 
the  hair,  and  turned  afide  from  the  fhadow 
IS,  becaufe  if  any  part  of  the  light  were  notf 
bent  it  would  fall  within  the  fhadow,  and 
there  illuminate  the  paper,  contrary  to  expe- 
rience. And  becaufe,  when  the  paper  is  at  a 
great  diftance  from  the  hair,  the  fhadow  i$ 
broad,  and  therefore  the  rays  TI  and  VS  are 
at  a great  diftance  from  each  other,  it  follows 
that  the  hair  ads  upon  the  rays  of  light  at  a 
confiderable  diftance -in  their  pafling  bv  it. 
But  becaufe  the  fhadow  of  the  hair  is  much 

broader 
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broader  in  proportion  to  the  diftance  of  the 
papei  from  the  hair  when  the  paper  is  nearer 
to  the  hair  than  When  it  is  at  a great  distance 
from  it,  it  is  evident  that  the  a&ion  is  Wronger 
on  the  rays  which  pafs  by  at  lead  diftances, 
and  grows  weaker  and  weaker  accordingly  as 
the  rays  pafs  by  at  diftances  greater  and 
greater*  as  is  reprefented  in  the  fcheme. 

The  fhadows  of  all  bodies  in  this  light  are 
bordered  with  three  parallel  fringes  or  bands 
of  coloured  light,  of  which  that  contiguous 
to  the  fhadow  is  broadeft  and  moft  luminous* 
and  that  moft  remote  from  it  is  narroweft, 
and  fo  faint  as  fcarcely  to  be  vifible.  If  the 
light  be  received  very  obliquely  on  paper,  or 
any  other  fmooth  white  body,  the  colours  may1 
be  plainly  diftinguifhed  in  this  order,  viz.  the 
firft  or  innermoft  fringe  is  violet  and  deep 
blue  next  the  fhadowr,  and  then  light  blue, 
green  and  yellowr  in  the  middle,  and  red  with^ 
out.  The  fecond  fringe  is  almoft  contigu- 
ous to  the  firft,  and  the  third  to  the  fecond, 
and  both  are  blue  within,  and  yellow  and  red 
without,  but  their  colours  are  very  faint,  elpe- 
daily  thole  of  the  third.  The  colours  there- 
fore proceed  in  this  order  from  the  fhadow,, 

violet. 
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violet,  indigo,  pale  blue,  green,  yellow,  red; 
blue,  yellow,  red;  pale  blue,  pale  yellow, 
and  red. 

If  a larger  beam  of  the  Sun's  light  be  ad- 
mitted into  a dark  chamber,  and  part  of  it 
received  on  the  blade  of  a fharp  knife,  wbofe 
plane  interfedts  the  direction  of  the  beam  at 
right  angles,  while  the  other  part  is  fuffered 
to  pafs  by  the  edge  of  the  knife,  and  received 
on  a paper  at  the  diftance  of  about  three  feet, 
this  laft  light  will  appear  to  fhoot  out  or  fend 
forth  two  faint  luminous  ftreams  both  ways 
Into  the  fhadow,  fomewhat  like  the  tails  of 
comets.  Thefe  ftreams  being  very  faint,,  are 
fo  much  obfcured  by  the  light  of  the  princi- 
pal diredt  rays,  that  it  is  neceflary,  in  order  to 
fee  them  with  any  degree  of  diftindtnefs,  to 
let  the  diredt  rays  pafs  through  a hole  in  the 
paper  on  to  a piece  of  black  cloth.  The 
light  of  the  ftreams  is  then  perceptible  on-  the 
paper  to  the  diftance  of  fix  or  eight  inches 
from  the  Sun’s  diredt  light  each  way,  and  in 
all  the  progrefs  from  that  diredt  light  decreafes 
gradually  till  it  becomes  infenfible-. 

If  two  knife-blades,  with  ftrait  edges,  be 
fo  fixed  or  fet  in  a frame,  that  they  mav  both 
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be  fituated  in  the  fame  plane,  their  edges 
parallel,  and  facing  each  other,  and  one  of  the 
blades  moveable  towards  or  from  the  other 
by  means  of  a fcrew,  fo  that  their  parallelifm 
may  be  always  preferved,  a beam  of  light 
may  be  fuffered  to  pafs  between  their  edges, 
and  the  appearances  are  the  following  : when 
the  knives  are  at  a confiderable  aiftance,  fo 
that  the  intromitted  beam  is  broad,  the 
ftreams  of  light  which  fhoot  both  ways  into 
the  fhadow  are  fcarce  vifible,  for  the  reafon 
already  mentioned,  and  the  edges  of  the  fha- 
dows  are  not  bordered  with  coloured  fringes, 
they  becoming  fo  broad  that  they  run  into 
each  other,  and  by  joining  form  one  conti- 
nued light  or  whitenefs  at  the  beginning  of 
the  ftreams.  As  the  knives  approach  each 
other  the  fringes  of  colour  appear  on  the  con- 
fine of  each  fhadow,  becoming  diftindter  and 
larger  until  they  vanifh,  which  happens  when 
the  edges  are  diftant  fomewhat  more  than  the 
400th  part  of  an  inch.  After  the  fringes 
have  disappeared,  the  line  of  light,  which  was 
in  the  middle  between  them,  grows  very 
broad,  enlarging  itfelf  both  ways  into  the 
ftreams  of  light  afore-mentioned;  and  when 

the 
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the'knives  are  diftant  above  the  400th  part  of 
* 

an  inch,  the  light  parts  in  the  middle,  and 
leaves  a fliadow  between  the  two  parts.  And 
as  the  knives  ftill  approach  each  other,  the 
fhadow  grows  broader,  and  the  ftreams  fhorter 
at  their  inward  ends,  which  are  contiguous 
to  the  fhadow,  till  upon  the  contact  of  the 
knives  the  whole  light  vanishes,  leaving  its 
place  to  the  fhadow. 

From  thefe  and  fome  other  experiments  of 
the  fame  tendency,  there  is  reafon  to  fufpeCt, 
That  all  bodies  act  upon  the  particles  of 
light  attracting  them  when  within  a certain 
distance,  and  at  greater  distances  repelling 
them ; for  the  two  cornet-like  ftreams  feem 
to  be  produced,  the  one  by  an  attractive 
power  exerted,  by  which  the  light  is  thrown 
into  the  fhadow  of  the  knife,  and  the  other 
by  a repulfion,  by  which  it  is  turned  towards 
the  contrary  part  or  region. 

That  thefe  aCtions  are  ftronger  on  thofe 
rays  which  pafs  nearer  the  body  than  on 
thofe  which  pafs  at  greater  diftances : confe- 
quently  thofe  rays  which  were  parallel  before 
their  arrival  in  the  vicinity  of  the  body  being 
variouily  deflected,  mud,  after  pafing,  di- 
Vo  I.  • Y 
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verge  from  each  other;  and,  at  the  limit  or 
diftance  at  which  attradlion  ceafes,  and  repul- 
fion  begins,  there  muft  be  a place  at  which 
the  palling  rays  being  very  little  affedted  by 
the  action  of  the  body,  will  proceed  parallel, 
as  before  their  arrival  in  its  vicinity. 

That  this  limitation  or  diftance  may  differ 
in  rays  of  different  colours,  and  caufe  the 
appearance  of  fringes : for,  if  the  limit  be 
lefs  in  the  violet  rays  than  in  the  red  rays,  the 
parallel  rays  of  the  violet  colour  will  form  a 
fringe,  which  fhall  be  nearer  the  fhadow  of 
the  body  than  that  which  is  formed  by  the 
parallel  rays  of  the  red  colour  : and  fo  of  the 
intermediate  colours  will  be  formed  interme- 
diate fringes.  But  it  muft  be  confeffed,  that 
this  fuppofition  does  not  account  for  the  repe- 
tition of  the  fame  colour  at  different  dis- 
tances. 

That  the  rays  of  light  are  not  refradled  or 
refledted  all  at  once,  but  in  refradtion  gradu- 
ally bent  into  a curve  by  the  adtion  of  the 

body,  fo  as  to  enter  its  furface  more  perpen- 

* * « 

dicularly  than  they  otherwife  would  have 
done.  And  in  refkdlion,  that  the  repulfive 
force  adting  in  the  diredtion  of  the  perpendi- 

• * . cular 
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Ciliar  from  the  body,  does  not  deflroy  the 
motion  of  the  ray  all  at  once,  but  bends  it 
back  in  a curve.  Which  repulfion,  when  it 
has  deflroyed  that  part  of  the  motion  of  the 
ray  which  tended  perpendicularly  towards  the 
body,  mufl  refled  the  ray  with  an  equal 
angle  and  degree  of  velocity  on  the  oppofite 
fide  of  the  perpendicular  to  the  point  of  inci- 
dence, or  vertex  of  the  curve.  This  is  evi- 
dent from  what  has  already  been  faid  on  the 
compofition  and  refolution  of  motion,  and 
may  be  familiarly  illuflrated  by  conceiving  a 
body  obliquely  projected  from  the  earth  to  be 
repelled  by  an  imaginary  horizontal  plane  fitu- 
ated  above  the  curve  of  its  motion,  which  in 
effed  anfwers  to  an  attraction  by  the  earth  ; 

for  the  afcending  or  perpendicular  part  of  the 

# • 

motion  is  gradually  deflroyed  by  the  continu- 

m * » . 

ally  ading  force,  and  a new,  fimilar  and  equal 
. • • ‘ « 
motion  is  generated  in  the  contrary  diredion,  . 

which  caufes  the  body  to  fall  under  an  equal 

angle,  and  with  the  fame  velocity. 

Since  adion  and  re-adion  are  equal,  the 

particles  of  light,  being  attraded  or  repelled  by  ■ 

the  adjacent  parts  of  bodies,  mufl  alfo  re-ad 

on  thofe  parts.  -This  re-adion  may  caufe  that 
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vibration  or  agitation  in  which  the  quality  of 
heat  does  probably  confid. 

If  the  attractive  forces  of  bodies  upon  the 
particles  of  light  be  fuppofed  to  aCt  equally 
after  the  ratio  of  the  maffes  of  the  particles, 
the  rays  will  be  all  equally  refraCted,  however 
different  their  maffes,  provided  their  veloci- 
ties be  equal.  If  the  fame  law  of  the  attrac- 
tion be  fuppofed,  and  the  velocities  of  the 
particles  be  various,  thofe  which  move  with 
lefs  velocities  will  be  more  refrangible  than 
thofe  which  move  with  greater  velocities.  The 
varying  refrangibility  of  the  rays  of  light  mud 
arife  either  from  the  various  velocities  of  the 
particles  themfelves,  or  from  the  aCtion  of 
bodies  on  the  particles  being  dronger  on 
fome  than  on  others,  after  the  ratio  of  their 
maffes.  If  the  various  velocities  were  the 
caufe  of  the  different  refrangibility  of  light, 
the  moons  of  Jupiter,  after  being  eclipfed, 
ought  to  appear  illuminated  with  a variety  of 
colours,  in  fucceffion,  as  the  velocities  of  their 
condituent  rays  caufed  them  refpeClively  to 
arrive  at  the  eye  of  the  obferver : and  when 
light  is  difperfed,  by  refraCtion,  into  its  com- 
ponent colours,  the  quantity  of  this  difperfion 

would 
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would  in  all  cafes  follow  the  proportion  of  the 
mean  refradtion  of  the  whole  ray  : both  which 
are  contrary  to  experience  : whence  it  follows, 
that,  in  order  to  produce  the  variety  of  refradtion 
which  happens  in  the  feveral  rays  of  light, 
bodies  muft  adt  on-fome  of  the  particles  of 
light  more  ftrongly  than  upon  others,  after  the 
ratio  of  their  maffes. 

After  all,  it  may  reafonably  be  concluded, 
that  our  knowledge  of  the  properties  of  light 
is  yet  far  from  perfection.  Reflection,  re- 
fraction, inflection,  and  colour,  may  not  be 
the  only  affections  or  accidents  to  which  it  is 
fubje&ed;  and  thefe  are  not  well  understood. 
The  firSt  of  philofophers.  Sir  Ifaac  Newton, 
whofe  difcoveries  are  the  boaft  and  glory  of 
thefe  later  ages,  has  left  the  fubjedt  unfi- 
nished ; and  though  feveral  ingenious  men 
have  attended  to  it,  nothing  of  any  great  con- 
fluence has  been  done  fince  his  time  : we 
therefore  recommend  to  the  reader,  who  wiShes 
to  fee  a more  accurate  and  particular  account  of 
the  matters  which  are  treated  of  in  this  fedtion, 
the  perufal  of  his  book,  which  is  intitled, 
“ Optics,  or  a Treatife  on  the  Reflexions,  Re- 
fradtions,  Infledtions  and  Colours  of  Light.” 

Y 3 BOOK 


BOOK 


SECT,  II. 


Of  Optics , 


CHAP.  I. 


Of  the  Reflection  and  Refraction  of  Light  ly 

• • . « 

Surfaces  regularly  formed . 


FOR  many  centuries,  the  fcience  of  optics 
confifted  only  of  conlequences  drawn 
from  the  principles  eftablifhed  at  Chap.  3. 
Sect.  1 . of  this  Book ; the  compounded 
nature  of  light  not  being  even  fufpedted. 
And,  indeed,  though  that  is  one  of  the 


principal  impediments  to  the  perfection  of 

the 
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the  large  and  accurate  indruments  of  mo- 
dern times,  yet  we  may,  in  common  fpeech, 
regard  a ray  of  white  light,  when  refracted, 
as  dill  continuing  white;  the  colours  of  the 
fpedrum  into  which  it  is  dilated  being  fo  near, 

when  the  incidence  is  near  the  perpendicular, 

■ #. 

that,  to  fenfe,  they  form  a white  very  little 
differing  from  that  of  the  incident  ray. 

That  bodies  are  viflble  only  by  means  of  the 
light  which  they  emit  or  refled:,  is  too  evi- 
• dent  to  need  any  particular  proof ; and  that 
every  point  of  an  illuminated  furface  does'' 
emit  the  rays  of  light  in  all  directions-,  is 
clear  from  the  visibility  of  the  furface,  to  an 
eye  in  any  pofition  whatfoever  ; for  if  any 
part  or  fenfible  point  of  the  furface  did  not 
emit  light  in  a fuppofed  or  given  direction, 
that  point,  to  an  eye  properly  placed,  mud 
be  invifible.  But  this  effed  never  happens,. 

The  rays  which  proceed  from  a point  are 
always  divergent,  but  if  they  fall  on  a re-- 
fleding  or  refrading  furface,  they  may  be 
irregularly  fcattered  in  fuch  diredions  as  the 
condrudjon  of  the  furface  produces.  If  the 
furface  be  properly  formed,  they  may  pro- 
ceed, after  refledion  or  refradion,  either 

Y 4 diverging 
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diverging  from  fome  other  point,  or  parallel, 
or  converging  to  a point. 

When  the  rays  which  proceed  from  any 

• • • 

point  are  confidered,  that  point  is  called 
the  radiant  point ; , when  the  rays  which 
proceed  towards  any  point  are  confidered, 
that  point  is  called  the  focus;  and  when  the 
rays  which  proceed  from  a whole  furface 
or  objedt,  are  confidered,  the  fnfcis  or  body 
of  rays  which  is  emitted  from  any  one 
point;  or  as  much  of  it  as  is  applied  to 
ufe,  is  called  a pencil  of  rays. 

Since  a pencil  of  rays,  emanating  from 
any  given  point  of  fpace,  is  the  means  by 
which  the  light  allures  us  that  a body  or 
fubftance  exilts  at  or  in  that  point,  it  is  plain 
that  we  are  liable  to  deception  in  that  re- 
fpedt : for  if  the  pencil  be  fo  affected,  either 
by  refledtion  or  refradtion,  as  to  proceed  with 
a different  divergency  or  diredtion,  that  is, 
in  the  fame  manner  as  it  would  have  pro- 
ceeded if  emitted  from  fome  other  point 
of  fpace,  the  fenfe  will  refer  the  place 
of  the  objedt  to  the  point  which  is  in 
the  diredtion  of  the  laft  courfe  of  the 
rays. 
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Thus,  if  MR  (fig.  67.)  reprefent  the  fec- 

tion  of  a plane  mirror,  and  OB  an  object, 
then  the  pencils  OC  and  BD  being  reflected 
at  C and  D,  will  proceed  to  the  eye  at  E, 
in  the  fame  manner  as  if  emitted  from  points 
fituated  at  I and  M,  and  the  fame  happening 
to  the  pencils  which  are  emitted  from  the 
intermediate  points  between  O and  B,  the 
fenfe  will  refer  the  place  of  the  objedt  to 
IM.  The  fame  happens  by  refradtion,  as  is 
clear  from  the  confideration  of  fig.  56. 

If  a pencil  of  rays  be  rendered  conver- 
gent, fo  as  to  meet  and  crofs  each  other  in 
a point,  they  will  afterwards  diverge,  and 
the  fenfe  will  refer  the  place  of  the  radiant 
point  or  objedt  to  the  focus  of  the  conver- 
gent rays,  from  which  the  divergence  was 
lad  made ; and,  that  rays  of  any  fort  may 
be  rendered  thus  convergent,  either  by  re- 
fledtion  or  refradtion,  is  eafily  fhewn. 

Suppofe  R (fig.  68.)  to  be  a point,  in  any 
illuminated  or  luminous  objedt,  which  emits 
a pencil  confiding  of  feven  rays  of  light, 
RA,  RB,  RC,  RD,  RE,  RF,  RG  5 let  the 
ray  RA  be  received  on  a fpeculum,  fo  placed 
jis  to  reflgdt  it  through  the  point  S ; let  another 

fpeculum 


33°  Reflection  of  the  Rays  of  Light 

fpeculum  be  adapted  to  receive  and  reflect 
RB  alfo  through  S ; and,  in  like  manner,  let  * 
the  other  rays  be  reflected  through  the  fame 
point ; and  the  point  S will  become  a ra- 
diant point,  by  means  of  the  divergent  rays, 
and  will  affect  the  fenfe  in  the  fame  man- 
ner as  if  the  rays  adually  emanated  from  a 
body  placed  there.  If  the  fpeculums  be  fup- 
pofed  to  touch  each  other,  they  will  form  a 
polygonal  concavity.  Suppofe  now  the  num- 
ber of  rays,  inftead  of  feven,  to  be  infinite ; 
then  the  adapted  refleding  furface  AG,  in-  * 
dead  of  polygonal,  muft  become  curve,  by 
reafon  of  the  infinite  number  of  fides.  The 
fame  reafoning  may  be  applied  to  rays,  which, 
inftead  of  emanating  from  a point,  or  di- 
verging, do  incide,  either  converging  to  a 
point,  or  parallel  to  each  other.  It  is  there- 
fore poflible  to  conftrud  a fuperficies  that 
{hall  reflect  into  a focus  the  rays  of  light, 
which,  either  by  converging  or  diverging, 
do  refped  any  particular  point. 

Upon  the  fame  principles  may  be  con- 
ftruded  fpeculums,  which  fhall  caufe  the 
rays,  after  refledion,  to  diverge  from  any 
o-iven  point  behind  the  refleding  furface. 
p Thofe 
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Thofe  fpeculums,  which  caufe  the  rays  to 
• diverge,  will  be  in  general  convex,  and 

thofe  which  caufe  them  to  converge,  will  be 

' 

in  general  concave,  as  may  eafily  be  con- 
ceived, * • •, 

The  celebrated  Archimedes,  at  the  fiege  of 
Syracufe,  is  faid  to  have  deftroyed  the  fhips 
ofMarcellus,  by  a machine  compofed  of  fpe- 
culums.. Since  a plane  fpeculum,  in  theory, 
reflects  all  the  light  which  is  incident  upon 
jt,  under  the  fame  affections  with  which  it 
was  incident  j the  rays  of  the  Sun,  which,  as 
coming  from  a vaftly  diftant  object,  may  be 
efteemed  parallel,  will  be  reflected  parallel 
to  each  other ; and  confequently  will  heat  and 
illuminate  any  fubftance  on  which  they 
fall  after  reflection,  in  the  fame  manner  as  if 
the  Sun  fhone  direCtly  upon  it.  Two  fpe- 
culums, which  reflect  the  Sun’s  light  on  the 
fame  fubftance,  will  heat  it  twice  as  much 
as  the  Sun’s  direCt  light.  Three  will,  in 
like  cirpumftances,  heat  it  three  times  as 
much.  And,  by  increafing  the  number  of 
fpeculums,  a prodigious  d_egree  of  heat  may 
be  produced  ; more  than  fufhcient  to  confume 
and  deftroy  any  inflammable  fubftance. 


We 
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We  have  faid  in  theory , that  a plane  fpe- 
culum  refle&s  all  the  light  which  incides 
upon  it ; but  in  pra&ice  almoft  half  the  light 
is  loft,  on  account  of  the  inaccuracy  of  the 
polifh,  and  the  opacity  of  the  fubftance  of 
the  mirror ; by  means  of  which,  a confider- 
able  part  of  the  light  is  fcattered  in  all 
directions,  and  another  part  is  abforbed  by 
the  body.  The  indefatigable  Buffon , in  the 
year  1747,  was  the  fir  ft  of  the  moderns  who 
conftruCted  a burning  machine  of  this  kind. 
It  confifted  of  168  glafies  or  fpecula,  each  8 
inches  long  and  6 broad,  fo  contrived,  that 
the  focal  diftance  might  be  varied,  and  alfo  the 
number  of  glafies,  as  occafions  required.  In 
the  month  of  March  1747,  with  40  glafies 
he  burnt  a plank  at  the  diftance  of  about 
70  feet. 

If  a fafcis  or  body  of  rays,  which  either 
proceeds  parallel,  or,  by  converging  or  diverg- 
ing, refpeCts  a given  point,  do  fall  on  the  inter- 
cedent  furface  of  two  mediums  of  different  re- 
fracting powers,  the  rays  may  be  fo  refraCted, 
if  the  furface  be  rightly  formed,  as  to  pro- 
ceed parallel,  or  to  converge  to,  or  to  diverge 
from,  fome  other  point. 


Let 
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Let  the  polygonal  furface  ABCDEFG 
(fig.  69.)  reprefent  the  furface  intercedent 
between  two  mediums,  the  rarer  being  fitu- 
ated  on  the  fide  towards  R,  and  the  denfer 
towards  S ; and  let  a pencil,  compofed  of 
feven  rays,  RA,  RB,  RC,  RD,  RE,  RF,  RG, 
be  incident,  each  ray  on  a different  plane,  as 
reprefen  ted  in  the  figure.  Suppofe  the  ray 
RA  to  be  received  on  the  furface  at  A, 
with  an  angle  of  incidence  that  correfponds 
to  the  angle  of  refraction  which  defleCts  the 
ray  to  the  point  S.  And  fuppofe  the  ray  AB 
to  be  received  lefs  obliquely,  or  at  a certain  lefs 
angle  of  incidence ; its  angle  of  refraction 
will  alfo  be  lefs,  and  it  will  proceed  to  S. 
And  let  a fimilar  adjuftment  of  the  planes 
at  C,  D,  &c.  be  fuppofed,  and  the  other  rays 
will  be  refraCted  to  the  fame  point.  Or  if  S 
be  fuppofed  the  radiant  point,  the  mediums 
being  as  before,  the  focus  will  be  at  R.  It 
is  therefore  plain,  that  rays  proceeding  out 
of  a rare  into  a denfe  medium,  are  render- 
ed more  convergent  by  a convex  furface, 
and  rays,  proceeding  out  of  a denfe  into  a 
rare  medium,  are  rendered  more  convergent 
by  a concave  furface  j and  the  contrary. 

Let 
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Let  the  pencil  confiftof  an  infinite  number  of 
rays,  and  the  polygonal  furface,  which  is 
adapted  to  refradt  it  to  a point,  will,  by  reafon 
of  the  infinite  number  of  its  fides,  become 
a curve.  The  fame  argument  may  be  applied 
to  r2ys  which  are  either  convergent  or  pa- 
rallel at  their  incidence  on  the  refradting 
furface.  Confequently,  the  intercedent  fur- 
face  of  two  mediums  may  be  fo  formed 
as  to  refract,  into  a focus,  or  render  parallel? 
or  divergent  thofe  rays,  which,  at  their  inci- 
dence are  either  parallel,  or  do,  by  converg- 
ing or  diverging,  refpedt  any  particular  point. 

From  the  eflabliflied  laws  , of  redediion 
and  refradtion,  it  is  not  difficult  to  invefti- 
gate  the  nature  of  the  curves,  into  which 
the  before  mentioned  furfaces  ought  to 
be  formed,  which,  according  to  circum- 
ffimces,  may  be  either  the  ellipfis,  parabola, 
©r  hyperbola.  But  as  the  errors  which  arife 
from  the  ufe  of  fpherical  furfaces  are  very 
fmall,  and  may  be  remedied  by  other  means, 
and  the  mechanical  or  pradtical  conflrudtion 
of  the  above  curves  is  very  difficult,  the 
parts  of  optical  inflruments  are  commonly 
formed  fpherical. 

CHAP. 
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CHAP.  II 


Of  Dioptrics  j or  the  regular  Refraction  of 

Light . 


LASS,  being  a medium  denfer  and  more 


refrading  than  the  air,  is  ufed  to  make 
the  tranfparent  parts  of  optical  inftruments 
which  are  conftruded  to  ad:  by  the  principle 
of  refradion.  A piece  of  glafs  properly  fi- 
gured for  that  purpofe  is  called  a lens,  and 
is  diftinguifhed  by  the  nature  of  its  furfaces : 
thus  A (fig.  70.)  is  a plano-convex,  B a 
double  convex,  C a plano-concave,  D a 
double  concave,  and  E a convex  concave. 

The  two  firft  lenfes,  A and  B,  nearly  re- 

• . 

femble  each  other  in  their  properties  ; for 
they  refrad:  converging  or  parallel  rays  to  a 
point  or  focus,  and  refrad  diverging  rays, 
fo  as  either  to  make  them  meet  in  a focus  or 
proceed  lefs  divergent  than  before.  If  AB  (fig. 
71.)  reprefent  a double  convex  lens,  and  R 


a radiant 


• • 
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a radiant  point,  then  the  rays  which  fall  on 

the  lens  will  be  refradted  to  F,  if  the  lens 

.*  * • 

be  of  the  requifite  convexity.  The  two 
following  lenfes,  C and  D,  (fig.  70.)  are  re- 
ferred to  one  fpecies,  on  account  of  the  re- 
lemblance  of  their  properties ; for  they  render 
the  incident  rays  more  divergent  than  before, 
and  therefore  caufe  diverging  or  parallel  rays 

to  diverge  from  an  imaginary  or  virtual  fo- 
* f • » 
cus,  and  refradt  converging  rays,  fo  as  either 

to  make  them  diverge  from  an  imaginary 
focus,  or  proceed  lefs  convergent  than  be- 
fore. If  AB  (fig.  72.)  reprefent  a double 
concave  lens,  and  R a radiant  point,  then 
the  rays  which  fall  on  the  lens  will  be 
rendered  more  divergent,  and  will  proceed 
as  if  they  had  emanated  from  the  point  F, 
which  is  called  the  virtual  focus.  The  fifth 
lens'-E  is  of  the  nature  of  A and  B,  if  its 
convexity  be  deeper,  or  a portion  of  a lelfer 
fphere  than  its  concavity : but  if  the  con- 
cavity be  deepelf,  its  properties  refemble  thofe 
of  C and  D. 

In  the  four  firft  lenfes,  the  changes  made 
in  the  courfe  of  the  rays  are  more  confider- 
ablc  the  more  the  furfaces  are  curved ; but 

in 
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in  the  laft  the  changes  are  more  confiderablej 
the  more  the  curvities  of  the  two  furfaces 
differ  from  each  other. 

A right  line,  as  RF  (fig.  71.)  which  pafTes 
through  the  center  of  any  lens  and  is  per- 
pendicular to  both  its  furtaces,  is  called  the 
axis  of  the  lens.  The  focus  of  rays  which 
refpedt  the  axis,  either  by  inciding  parallel  to 
it,  or  diverging  from  or  converging  to  a point 
fituate  in  it,  is  found  in  the  axis,  and  is  called 
the  principal  focus. 

A right  line  drawn  from  the  point  of  con- 
vergence or  divergence  of  any  fafcis  of  rays 
incident  on  a lens,  through  the  center  of  the 
lens,:  will  pafs  through  the  focus  of  that  fafcis, 
if  the  point  of  convergence  or  divergence  be 
not  fituate  far  from  the  axis. 

The  rays  of  light  which  diverge  from  the 
focus  after  paffing  through  a lens,  will  oc- 
caflon  the  fenfe  to  refer  to  that  point,  as  if 
occupied  by  a lucid  objedt ; the  focus,  there- 
fore, may  be  faid  to  be  the  pidture  or  image 
bf  the  radiant  point.  And  as  a furface  may 
be  conceived  to  be  compofed  of  an  inde- 
finite number  of  radiant  points,  the  like 
number  of  focal  points  will  appear,  and 
Vol.  I.  Z confe- 
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confequcntly  a furface  will  be  foraied  that 
will  be  the  image  of  the  radiant  furface. 
Let  OB  (fig.  73.)  reprefen t an  object,  and 
LN  a double  convex  lens  ; from  O and  B 
through.  C the  center,  draw  the  lines  OCI 
and  BCM,  and  the  foci  of  the  points  O and 
B will  be  found  at  I and  M in  thofe  lines,  more 
or  lefs  didant  from  C,  as  the  curvity  of  the 
furfaces  of  the  glafs  is  lefs  or  greater.  The 
foci  of  the  radiant  points  fituate  between  O 
and  B will  be  found  between  I and  M,  by 
the  fame  procefs.  Confequently  an  image 
will  be  there  formed,  fimilar  to  the  objedt, 
from  each  point  of  which  will  diverge  rays 
of  light  in  the  fame  manner  as  from  a real 
objedi;  and  its  pofition,  by  reafon  that  the 
rays  crofs  at  C,  will  be  inverted,  or  contrary 
to  the  objedt  itfelf,  as  appears  by  the  figure. 
And  becaufe  the  triangles  OCB  and  ICM  are 
fimilar,  the  magnitudes  of  the  image  and  the 
objedt  will  be  to  each  other  refpedtively  as 
their  didances  from  the  lens ; for, 

As  the  fide  CO,  or  didance  of  the  objedt 
from  the  lens, 

Is  to  the  fide  OB,  or  length  of  the  objedt. 
So  is  the  fide  Cl,  or  didance  of  the  image. 

To 
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To  the  fide  IM,  or  length  of  the  image. 

Again,  let  OB  (fig.  74.)  reprefent  an  object, 
and  LN  a double  concave  lens  ; draw  OC  and 
BC,  and  the  virtual  foci  of  the  points  O and 
B will  be  found  at  I and  M in  thofe  lines, 
more  or  lefs  diftan t from  C,  as  the  curvity  of 
the  furfaces  of  the  glafs  is  lefs  or  greater. 
The  intermediate  points  of  the  objedt  will 
have  their  intermediate  foci  between  I and 
M,  and  the  pofition  of  the  image  will  be 
eredt  as  well  as  the  objedt.  And  becaufe  the 
triangles  OCB  and  ICM  are  fimilar,  the 
magnitudes  of  the  objedt  and  image  will  be 
as  their  diftances  from  the  lens. 

Hence  it  may  be  eafily  conceived,  how 
convex  lenles  become  burning-glaffes.  For,  as 
the  objedt  and  image,  if  viewed  from  the 
center  of  the  lens  lubtend  the  fame  angle, 
and  the  Sun  is  feen  under  an  angle  of 
about  half  a degree,  we  may  readily  find 
the  denfity  of  the  rays  which  form  his 
image  in  the  focus  of  any  lens.  For  ex- 
ample, if  a lens,  four  inches  broad,  colledt 
the  Sun’s  rays  into  a focus,  at  the  diftance 
of  one  foot,  or  twelve  inches,  the  image  will 
not  be  more  than  T*T  of  an  inch  broad. 

Z 2 The 
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The  furface  of  this  little  circle,  therefjre, 
will  be  1600  times  lefs  than  the  furface  of 
the  lens,  and  confequently  the  Suns  light 
muff  be  fo  many  times  denfer  within  that 
circle.  No  wonder,  then,  that  it  burns  with 
a degree  of  violence  and  ardor  far  exceeding 
that  of  any  culinary  fire. 

Jf  a paper  or  white  fubftance  be  held  in 
the  focus  of  a convex  lens,  the  feveral  foci 
of  the  radiant  points  of  obje&s  fituated  on 
the  other  fide  of  the  lens  will  illuminate  as 
many  points  on  the  paper ; which  illumi- 
nated points  agreeing  in  relative  dtuation, 
intenfity,  and  colour  with  thofe  of  the  ob- 
jects themfelves,  will  depicl  an  exadl  and 
lively  perfpeftive  view  of  the  fame,  but  which, 
by  reafon  of  the  eroding  of  the  rays,  will  be 
inverted.  But  this  phenomenon  is  fcarcely 
to  be  leen,  if  any  light  be  permitted  to  fall 
on  the  paper  befides  that  which  pades  through 
the  lens  ; for  which  purpofe  the  lens  may  be 
fixed  in  the  window-diutter  of  a darkened 
chamber,  as  we  (hall  have  occadon  to  re- 
mark in  future. 


Of  the  Eye, 
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CHAP.  HI. 


Of  the  Eye  j and  of  Vi/ion, 


IF  the  whole  frame  of  the  univerfe  were 
not  fo  evident  a proof  of  the  exiften.ee 
of  a fupremely  wife  and  benevolent  Creator, 
as  to  render  particular  arguments  unneceflary, 
the  ftrudture  of  the  eye  might  be  offered  as 
one,  by  no  means  of  the  leaft ; for  it  pofteffes 
all  the  conveniences  of  the  moft  perfedt 
optical  inftruments  without  their  imperfec- 
tions. This  inftance,  among  numberlefs 
others,  demonftrates,  that  the  beft  perform- 
ances of  art  are  infinitely  fhort  of  thofe 
which  are  hourly  produced  by  the  divine 
mechanic. 

Though  the  apparatus,  by  which  the  eye 
is  preferved  and  kept  in  a ftate  proper  for  the 
quick  motion  and  accurate  direction  towards 
the  objedt  to  be  viewed,  is  well  worth  at- 
tention and  remark  ; yet,  as  it  does  not  im- 
mediately come  under  our  notice  as  illuftrative 
of  the  principles  of  optics,  we  fhall  wave 
it,  and  confider  only  the  globe  of  the  eye,  or 
! by  which  vifion  is  performed. 


The 
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The  eye  is  compofed  of  feveral  tunics  or 
integuments,  one  within  the  other,  and  is  fil- 
led within  with  tranfparent  humors  of  diffe- 
rent refradtive  denfities.  The  external  tunic 
is  called  the  fclerotica,  and  is  white  on  the 
anterior  part  of  the  eye,  except  a circular  part 
immediately  in  front,  which  is  tranfparent,  and 
more  convex  than  the  rell:  of  the  eye : this 
tranfparent  part  is  called  the  cornea.  Immedi- 
ately adherent  to  the  fclerotica  within  is  the 
choroides,  or  uvea,  which,  at  the  circumfe- 
rence of  the  cornea,  becomes  the  iris,  being 
expanded  over  great  part  of  its  furface,  though 
not  contiguous  to  it.  The  iris  is  compofed  of 
two  kinds  of  mufcular  fibres ; the  one  fort 
tend  like  the  radii  of  a circle  towards  its  cen- 
ter, and  the  others  form  a number  of  concentric 
circles  round  the  fame  center.  The  central 
part  of  the  iris  is  perforated,  and  the  orifice, 
which  is  called  the  pupil,  is  of  no  conftant 
magnitude;  for,  when  a very  luminous  objedt 
is  viewed,  the  circular  fibres  of  the  iris  con- 
trad!,  and  diminidr  its  orifice;  and  on  the 
other  hand,  when  objedts  are  dark  and  ob- 
fcure,  the  radia  fibres  of  the  iris  contradt, 
and  enlarge  the  pupil  fo  as  to  admit  a greater 
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quantity  of  light  into  the  eye.  The  iris  is 
varioufly  coloured  in  different  perfons,  but 
according  to  no  certain  rule : in  general,  peo- 
ple whole  hair  and  complexion  are  light  co- 
loured, have  the  iris  blue  or  grey  and  on  the 
contrary,  thofe  whofe  hair  and  complexion 
are  dark,  have  the  iris  of  a deep  brown.  But 
what  fpecific  difference  this  may  occalion  in 
the  fenfe,  or  whether  any  at  all,  is  not 
difcoverable.  Within  the  uvea  is  another 
membrane,  which  at  the  circumference  of  the 
cornea  becomes  fibrous,  and  is  called  the  liga- 
mentum  ciliare.  This  ligament  is  attached 
to  the  circumference  of  a double  convex  lens, 
whofe  axis  correfponds  with  the  center  of  the 
pupil ; and  which,  by  means  of  the  fibres* 
can  be  altered  in  a fmall  degree  in  pofition, 
and  perhaps  in  figure.  The  lens  is  termed 
the  cryftalline  humor  ; and  is  included  in  a 
very  ftrong  and  tranfparent  membrane,  called 
the  arac’nnoides.  Between  the  cryftalline 
humor  and  the  cornea  is  contained  a clear 
tranfparent  fluid,  which  is  called  the  aqueous 
humor ; and  between  the  cryftalline  humor 
and  the  pofterior  part  or  bottom  of  the  eye  is 
ccluded  another  clear  tranfparent  fluid,  which 

2 4 is 
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is  termed  the  vitreous  humor.  The  refrac- 
tive denfity  of  the  cryftalline  is  greater  than 
thole  of  the  humors  by-  which  it  is  furround- 
ed.  On  the  fide  next  to  the  nofe  a nerve 
is  inferted  in  the  bottom  of  each  eye,  about 
twenty- five  degrees  from  the  axis  of  the 
cryftalline,  which,  after  entering  the  eye, 
is  fpread  into  an  exceeding  fine  coat  of 
network,  termed  the  retina.  Laftly ; a 
very  black  mucus  or  flime'is-  fpread  over 
all  the  internal  parts  of  the  eye,  which 
are  not  tranfparent,  except  the  anterior  part 
of  the  iris,  wdfich,  as  before  obferved,  is 

j i ■ . v.-  , ~ 

\ 

coloured. 

f.  ' 

In  the  figure,  the  three  concentric  circles 
ABC  (fig.  75.)  reprefent  the  coats  of  the  eye. 
The  external  coat,  or  fclerotica,  is  tranf- 
parent, and  more  convex  between  A and  B, 
AKB  being  the  cornea.  The  fecond  tunic,  or 
uvea,  is  fibrous  between  D and  I,  and  be- 
tween G and  K,  and  is  there  called  the  iris ; 
the  hole  IH  is  the  pupil.  The  third  coat  be- 
comes fibrous  between  D and  E,  and  between 
G and  F,  being  there  called  the  ligamentum 
ci li are,  and  is  attached  to  the  circumference 

e humor  EF.  The 
cavity 


of  the  lens  or  cryftallin 
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.cavity  or  chamber  AEFB  is  filled  with  the 
aqueous  humor,  and  the  chamber  DNGFE  is 
filled  with  the  vitreous  humor.  At  N is  in- 
ferted  the  optic  nerve,  the  expanfion  of  which, 
over  the  internal  furface  DNG,  is  the  retina. 

The  manner  in  which  the  eye  adts  upon 
the  rays  of  light  may  be  thus  explained.  Let 
OL  reprefent  an  objedt,  and  fuppofe  a pencil 
of  light  to  emanate  from  Q,  and  enter  the  eye; 
then,  becaufe  the  cornea  is  a convex  concave 
Jens,  whofe  convexity  is  greateft,  the  rays 
will  be  rendered  more  convergent  in  palling 
through  it;  and  if  the  cryftalline  be  pro- 
perly formed,  they  will  be  refracted  by  it  into 
a focus  at  C on  the  retina.  The  fame  will 
happen  to  the  pencil  which  emanates  from 
L,  whofe  focus  will  be  M ; and  the  foci  of 
the  intermediate  points  will  be  between  M 
and  C : confequently  an  inverted  pidture  or 
image  will  be  formed  on  the  retina,  and  fen- 
fation  be  produced  by  the  adtion  of  the  light 
on  the  expanfion  of  the  optic  nerve,  which 
from  thence  is  conveyed  to  the  fenforium. 
And  that  the  parts  of  the  eye  are  adapted  to 
produce  fuch  an  image,  appears  likewife  from 
^experiment:  for  if  the  tunica  fclerotica  be 

carefully 
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carefully  taken  away  from  the  back  of  the  eye- 
of  any  animal,  the  inverted  pidture  of  external 
objects  may  be  feen  on  the  thin  membranes 
which  remain  : neither  is  the  inverfion  of  the 
image  any  obftacle  to  the  mind’s  conceiving  : 
that  the  objedt  is  eredt;  for  a focus  at  M may  be 
confidered  as  the  indication  of  the  exigence 
of  a radiant  point  at  L,  and  a focus  at  C 
may  indicate  the  exiftence  of  a radiant  point 
at  O ; and  fo  of  others,  the  mind  contem- 
plating the  objedt  itfelf,  and  not  the  image  j 
befides  which,  we  have  notions  refpecting 
pofition  which  are  not  derived  from  the  fight, 
by  which  we  judge  whether  a wall  is  perpen- 
dicular or  a plane  level,  &c.  Thefe  notions 
are  derived  from  a perception  of  the  diredtion 
in  which  gravity  conftantly  adts;  to  which 
diredtion  we  always  refer.  Whence  it  hap- 
pens, that  though  the  pof tion  of  the  eye  be 
ever  fo  much  changed,  the  idea  of  the  pofi- 
tion of  objedts  in  view  remains  unchanged. 

For  example  j if  a man  view  an  upright  pole 
or  ftaff,  the  image  of  the  pole  on  the  retina 
will  be  in  a line  at  right  angles  to  the  open- 
ing of  the  eyelids,  provided  he  holds  his  head 
upright  5 but  if  he  vary  the  polition  of  his 

head. 
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head,  the  image  will  be  formed  in  a different 
pofition,  and  upon  a different  part  of  the  re- 
tina : notwithstanding  which,  he  constantly 
imagines  the  pole  to  be  eredt  and  unaltered. 

Becaufe  the  foci  of  rays  that  differ  in  diver- 
gence are  found  at  different  diffances  from 
the  lens,  thofe  which  diverge  lefs  coming  to 
a focus  fooner  than  thofe  which  diverge  more, 
it  is  neceffary  that  the  eye  Should  be  adapted 
fo  as  to  adt  upon  the  rays  which  arrive  from 
points  at  various  distances,  and  to  bring  them 
to  a focus  upon  the  retina.  The  natural 
flrudture  of  the  eye  is  fuch,  that  parallel  rays 
have  their  focus  on  the  retina ; and  when  the 
proximity  of  any  objedt  caufes  its  rays  to  fall 
with  a greater  divergency,  the  pupil  of  the  eye 
contradts  and  excludes  the  moft  divergent  . 
rays,  at  the  fame  time  that  the  crystalline  is 
brought  forward,  and  perhaps  rendered  more 
convex  by  means  of  the  ligamentum  ciliare, 
by  which  provisions  the  focus  ft  ill  falls  on  the 

• 

retina.  This  adjuftment  of  the  eye  to  the 
distances  of  objedts  gives  the  reafon  why  we 
cannot  view  a near  and  a diftant  objedt  at  the 
fame  time ; for,  if  a hair  be  held  at  a few 
inches  distance  between  the  eye  and  a remote 

objedt. 
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objed,  fuppofe  a man  at  half  a mile  diflance, 
the  man  will  appear  confufed  and  indiftind 
when  the  attention  is  fixed  on  the  hair,  and 
the  fame  will  be  the  cafe  with  the  hair  when 
the  attention  is  fixed  on  the  man. 

There  are  fome  eyes  naturally  fo  defedive, 
that  they  cannot  effed  this  adjustment.  Thofe 
which  are  replete  with  humors  have  the  cornea 
and  crystalline  too  convex,  by  which  means 
the  pencils  come  to  their  foci  before  their  ar- 
rival at  the  retina,  on  which  they  fall  in  {mail 
circular  fpaces  inftead  of  points,  and  by  their 
interference  render  the  image  confufed : on 
the  other  hand,  if  the  humors  be  deficient  in 
quantity,  the  cornea  and  cryftalline  are  too 
flat,  and  the  pencils  of  rays  not  being  fuffi- 
ciently  refraded,  arrive  at  the  retina  before 
their  union  in  their  foci  ; whence  arifes  the 
fame  confufion  in  the  image  as  in  the  former 
cafe.  They  whofe  eyes  are  imperfed  in  the 
firft  manner  are  called  myopes,  from  their 
winking  or  doling  their  eye-lids,  but  more 
commonly  near-fghted,  becaufe  they  fee  very 
near  objeds  diftindly,  the  divergency  of  the 
rays  caufing  their  foci  to  fall  on  the  retina. 
They  whofe  eyes  are  too  flat  are  called  prei- 

byta?, 
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bytae,  becaufe  the  imperfedion  of  the  fight 
of  old  men  is  generally  of  this  kind,  it  being 
occafioned  by  a decay  of  the  humors.  Both 
thefe  imperfedions  may  in  a great  meafure 
be  remedied  by  the  ufe  of  proper  fpedacles. 
Since  the  rays  converge  too  foon  in  the  eyes 
of  myopes,  it  is  plain  that  a concave  lens  in- 
terpofed  between  the  objed  and  the  eye  will 
caufe  the  rays  to  fall  more  divergent,  and 
confequently  will  prevent  their  converging  to 
a focus  before  their  arrival  at  the  retina.  And 
the  rays  may  be  made  to  converge  fooner  in 
the  eyes  of  prelbytae,  by  means  of  convex 
fpedacles,  by  which  they,  being  already 
convergent  when  they  enter  the  eye,  will  be 
fufficiently  refraded  by  the  cornea  and  crys- 
talline to  have  their  focus  on  the  retina,  and 
caufe  diftind  vifion. 

The  eyes  of  various  animals  are  accommo- 
dated with  great  fkill  to  the  exigences  of  their 

Ifituations.  In  fifhes  the  cornea  is  aim  oft  flat, 
that  it  may  be  no  obftacle  to  their  fpeed  in 
the  water,  but  this  is  compenfated  by  the 
cryftalline,  which  is  fpherical,  and  there- 
> fore  adapted  to  perform  the  whole  necefiary 
a refradion  of  the  rays.  And  in  cats  and  fotne 
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other  animals  that  prey  in  the  dark,  the  pu- 
pil of  the  eye  is  To  variable  as  to  admit  more 
than  an  hundred  times  the  quantity  of  light 
at  one  time  than  another.  The  human  eye 
admits  more  than  ten  times  the  quantity  of 
light  at  one  time  than  at  another,  and  per- 
haps the  differences  may  be  much  greater  in 
very  dark  places  : it  is  not  impoffible  but  that 
the  iris  may  be  then  almoft  intirely  drawn 
back,  and  the  pupil  expand  to  the  whole  fur- 
face  of  the  cornea. 


CHAP.  IV. 

Of  refracting  Microfcopes ; or  the  Dioptric  In - 
JtrumentSy  by  Means  of  which  fmall  and  near 
Objects  are  feen  magnified. 

t~ E apparent  magnitude  of  any  object 
JL  is  meafured  by  the  angle  under  which 
it  is  viewed  by  the  eye;  confequently  the  appa- 
rent magnitudes  of  two  or  more  objedts  may 
be  the  fame,  or  may  differ  in  any  propor- 
tion, let  their  real  magnitudes  be  what  they 
will.  Thus,  the  apparent  magnitudes  of  CD, 

FG, 
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FG,  and  HI,  (fig-  76.)  are  equal  when  viewed 
by  the  eye  at  E,  becaufe  they  are  feen  under 
the  fame  angle,  though  their  real  magnitudes 
are  very  different : and  the  apparent  magnitude 
of  AB  is  greater  than  thofe  of  the  former 
three,  becaufe  it  fubtends  a greater  angle, 
though  its  real  magnitude  is  equal  to  that  of 
CD,  and  lefs  than  thofe  of  FG  and  HI. 

The  image  of  any  objetft  on  the  retina, 
will  be  greater  or  lefs  in  proportion  to  its.  ap- 
parent magnitude,  and  therefore  the  fame 
objedt  is  feen  more  enlarged  and  diftindt  the 
nearer  it  is  brought  to  the  eye,  provided  its 
diffance  be  fufficiently  great  for  the  rays  to 
fall  nearly  parallel  on  the  pupil:  at  lefs. dis- 
tances it  continues  to  be  enlarged,  but  is  con- 
fufed.  The  lead  diftance  is  about  fix  inches. 
The  eye  can  juft  diftinguifh  objects  which 
fubtend  an  angle  of  * half  a minute  of  a de- 
gree, in  which  cafe  the  image  on  the  retina 
is  lefs  than  the  Tho~o  part  of  an  inch  broad, 
and  the  objedt,  luppoftng  it  fix  inches  diftant, 
about  the  ~-o-o  part  of  an  inch  broad.  And 

* Obfervations  taken  by  the  naked  eye  with  Hadley’s 
quadrant  may  be  depended  on  to  the  exadtnefs  of  half  a 
minute. 
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all  fmaller  objedts  are  invifible  to  the  naked 
eye. 

* > ... 

The  inftruments  by  which  thofe  fmaller 

objedts  are  rendered  vifible  are  called  micro - 
fcopeSj  and  are  conftrudted  upon  a twofold 
principle.  The  one  is>  by  the  interpofitiori 
of  a convex  lens  between  the  objedt  and  the 
eye,  to  render  it  diftindt  at  a lefs  diftance  than 
fix  inches,  by  which  means  its  apparent 
magnitude  increafes  as  the  diftance  is  dimi- 
nifhed:  and  the  other  is  by  placing  the  objedt 
fo  with  refpedt  to  a convex  lens  that  its  focal 
image  may  be  much  greater  than  itfelf,  and 
contemplating  that  image  inftead  of  the  ob- 
jedt. The  firft  are  called  fimple  or  fingle 
microfcopes,  and  the  latter  compound  or 
double. 

Let  EY  (fig.  yy.)  reprefent  the  eye,  and  OB 
a fmall  objedt,  lituate  very  near,  fo  that  the 
angle  of  its  apparent  magnitude  OCB  may  be 
large.  Then  its  image  on  the  retina  IM  will 
alfo  be  large;  but  becaufe  the  pencils  of  rays' 
are  too  divergent  to  be  colledted  into  their 
foci  on  the  retina,  it  will  be  very  confuted 
and  indiftindt.  Let  the  convex  lens  RS  (fig.- 
78.)  be  interpofedy  fo  that  the  diftance 

between 
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between  it  and  the  object  may  be  equal  to 
the  focal  length  at  which  parallel  rays  would 
unite,  and  the  rays  which  diverge  from  the 
objedt  and  pafs  through  the  lens  will  after- 
wards proceed,  and  confequently  enter  the 
eye  parallel  : they  will  therefore  unite,  and 
form  a diftindt  image  on  the  retina,  and  the 
objedt  will  be  clearly  feen  ; though  if  removed 
to  the  distance  of  fix  inches,  its  fmallnefs 
would  render  it  invifible.  And  fince  the  ap- 
parent magnitudes  of  objects  that  fubtend 
finall  angles  are  nearly  in  the  inverfe  propor- 
tion of  their  difiances,  if  the  real  magnitudes 
be  equal,  the  proportion  in  which  the  objedt 
is  magnified  will  be  as  fix  inches  to  its  dis- 
tance from  the  eye.  Whence  it  follows,  that 
the  moft  convex  lenfes,  having  the  fhorteft 
focal  diftance  of  parallel  rays,  do  magnify  the 
moft;  for  they  permit  the  object  to  approach 
nearer  the  eye  than  thofe  do  which  are  flatter. 
When  the  lens  is  not  held  clofe  to  the  eye, 
the  objedt  is  amplified  fomewhat  more;  be- 
caufe  the  pencils,  which  pafs  at  a difiance 
from  the  center  of  the  lens,  are  refradted  in- 
wards toward  the  axis,  and  confequently  feem 
to  come  from  points  more  remote  from  the 
Vol.  I.  A a 
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center  of  the  objedt,  as  may  be  feen  in  fig.  79. 
where  the  pencils  which  emanate  from  O 
and  B,  are  refradted  inwards,  and  feem  to 
come  from  the  points  i and  m. 

A drop  of  water  is  a microfcope  of  this 
kind,  by  reafon  of  its  convex  furface ; for,  if 
a fmall  hole  be  made  in  a plate  of  metal,  or 
other  thin  fublbnce,  and  carefully  filled  with 
a drop  of  water,  fmall  objedfs  may  be  feen  thro’ 
it  very  diftindt,  and  much  magnified.  But 
there  are  fome  difficulties  in  the  management 
of  thefe,  which  fmall  glaffes  are  free  from, 
and  therefore  they  are  not  much  ufed.  In 
fadl,  cheapnefs  is  their  principal  recommen- 
dation. 

The  compound  microfcope,  by  means  of 
which  the  image  is  contemplated  inftead  of 
the  objedi,  is  of  two  kinds,  the  folar  and  the 
common  double  microfcope.  The  folar  mi- 
crofcope is  thus  conftrudted:  let  AC  (fig.  80.) 
reprefent  the  fide  of  a darkened  chamber,  LN 
a convex  lens,  fixed  oppofite  a perforation  in 
AC,  OB  a fmall  objedt,  and  PQ^a  white 

fcrcen  placed  within  the  chamber  oppolite  to 

\ 

the  lens ; then,  if  the  objedt  be  placed  at  a 
due  diftance  from  the  lens,  the  pencil  of 

light 
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light  which  proceeds  from  the  point  O will 
converge  to  a focus  on  the  fcreen  at  I,  and  the 
pencil  which  proceeds  from  the  point  B will 
converge  to  a focus  at  M,  and  the  interme- 
diate points  of  the  objedt  will  be  depidted 
between  I and  M,  forming  a pi&ure  which 
will  be  as  much  larger  than  the  objedt  in 
proportion  as  the  diftance  of  the  fcreen  exceeds 
that  of  the  image  from  the  lens.  This  is  the 
principle  on  which  the  inftrument  adts,  but 
it  is  ufual  to  add  other  auxiliary  parts  as  a 
lens  or  fpeculum  to  illuminate  the  objedt  by 
converging  the  Sun’s  light  upon  it,  &c.  which 
our  limits  do  not  permit  us  to  enlarge  upon. 
The  folar  mifcrofcope  is  by  far  the  mod;  plead- 
ing in  its  effedts,  and  lead;  offend ve  to  the  eyes 
of  any  in  ufe. 

In  the  common  double  mifcrofcope  the 
image  is  contemplated  inftead  of  the  objedt, 
being  viewed  through  a dngle  lens  in  the  fame 
manner  as  the  objedt  in  a dngle  microfcope. 

- Thus, 

Let  LN  (fig.  8 1.)  reprefent  a double  con- 

. 

vex  lens,  and  OB  a fmall  objedt,  fo  applied, 
that  the  pencils  of  rays  which  emerge  from 
it,  and  pads  through  the  lens,  may  converge 

A a 2 to 
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to  their  refpedtive  foci,  and  form  an  inverted 
image  at  IM.  This  image  will  be  as  much 
larger  than  the  object  in  proportion  as  its  dif- 
tance  exceeds  that  of  the  objedt  from  the  lens, 
and,  if  it  be  viewed  through  the  lens' FG,  will 
again  be  magnified  upon  the  principle  of  the 
fingle  microfcope,  in  proportion  as  its  dis- 
tance from  the  eye  is  lefs  than  fix  inches; 
the  image  formed  by  the  firfh  lens,  which  is 
called  the  objedt-glafs,  Serving  inftead  of  an 
objedt  for  the  Second,  or  eye-glafs.  But  it  is 
to  be  noted,  that  the  image  formed  in  the 
focus  of  a lens  differs  from  the  real  objedt  in 
a very  effential  particular ; that  is  to  fay,  the 
light  being  emitted  from  the  objedt  in  every 
direction,  renders  it  vifible  to  an  eye  placed 
in  any  pofition,  but  the  points  of  the  image 
formed  by  a lens  or  mirror  emitting  no  more 
than  a Small  conical  body  of  rays,  which  ar- 
rives from  the  glafs,  can  be  vifible  only  when 
the  eye  is  Situate  within  its  confine.  Thus, 
the  pencil  which  emanates  from  B in  the  ob* 
jedt,  and  is  converged  by  the  lens  to  M,  pro- 
ceeds afterwards  diverging  towards  H,  and 
therefore  never  arrives  at  the  lens  FG,  nor 
-enters  the  eye  at  E.  But  the  pencils  which 
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proceed  from  the  points  o and  b will  be  re- 
ceived on  the  lens  FG,  and  by  it  carried, 
parallel,  to  the  eye  3 confequently  the  corre- 
fpondent  points  of  the  image  i and  m will 
be  vilible,  and  thofe  which  are  fituate  farther 
out  towards  I and  M will  not  be  feen.  This 
quantity  of  the  image  i m,  or  vilible  area,  is 
called  the  field  of  view. 

Hence  it  appears,  that  if  the  image  IM.be 
large,  a very  fmall  part  of  it  will  be  vifible, 
becaufe  the  pencils  of  rays  will  for  the  mod: 
part  fall  without  the  eye-glafs  FG.  And  it 
is  likewife  plain,  that  a remedy  which  would 
caufe  the  pencils,  which  proceed  from  the 
extremes  O and  B of  the  objedt,  to  arrive  at 
the  eye  will  render  a greater  part  of  it  vi- 
fible ; or,  in  other  words,  enlarge  the  field 
view.  This  is  effected  by  the  interpolition 
of  a broad  lens  DE  (fig.  82.)  of  a proper  cur- 
vature at  a fmall  didance  from  the  focal 
image.  For,  by  that  means  the  pencil  BM, 
which  would  otherwife  have  proceeded  to- 
wards H,  is  refradted  to  the  eye,  as  delineated 
in  the  figure,  and  the  mind  conceives  from 
thence  the  exigence  of  a radiant  point  at  P, 
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from  which  the  rays  laft  proceeded.  In  like 
manner,  and  by  a parity  of  reafon,  the  other 
extreme  of  the  image  is  feen  at  and  the 
intermediate  points  are  alfo  rendered  vifible. 
On  thefe  confiderations  it  is,  that  compound 
portable  microfcopes  are  ufually  made  to  con- 
✓ lift  of  an  objedt  lens,  LN,  by  which  the  image 
is  formed,  enlarged,  and  inverted,  an  ampli- 
fying lens,  DE,  by  which  the  field  of  view  is 
enlarged,  and  an  eye-glafs  or  lens,  by  means 
of  which  the  eye  is  allowed  to  approach  very 
near,  and  confequently  to  view  the  image 
under  a very  great  angle  of  apparent  magni- 
tude. 

The  magic  lanthorn  is  a microfcope  upon 
the  fame  principles  as  the  folar  microfcope, 
and  may  be  ufed  with  good  effedt  for  magni- 
fying  fmall  tranfparent  objedts ; but  in  gene- 
ral it  is  adapted  for  the  purpofe  of  amufe- 
ment,  by  calling  the  fpecies  or  image  of  a 
fmall  tranfparent  painting  on  glafs  upon  a 
/ white  wall  or  fcreen,  at  the  focal  diftance 
from  the  inftrument.  After  what  has  already 
been  faid,  it  will  be  eafy  to  underfhnd  the 
following  defcription  of  its  component  parts. 
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In  the  infide  of  a box  or  lanthorn  is 
placed  the  candle  or  lamp  C,  (fig.  83.)  the 
light  of  which  pafles  through  the  piano-con- 
vex  lens  NN,  and  ftrongly  illuminates  the 
objedt  OB,  which  is  a tranfparent  painting 
on  glafs,  inverted  and  moveable  before  NN, 
by  means  of  a Hiding  piece  in  which  the  glafs 
is  fet  or  fixed.  This  illumination  is  Hill  more 
increafed  by  the  reflection  of  light  from  a con- 
cave mirror,  SS,  placed  at  the  other  end  of 
the  box,  which  converges  the  light  upon  the 
lens  NN,  as  reprefented  in  the  figure.  Laflly, 
a lens  LL,  fixed  in  a Aiding  tube,  is  brought 
to  the  requifite  diflance  from  the  objedt  OB, 
and  a large  eredt  image  IM  is  formed  upon 
the  oppofite  wall. 
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Of  refracting  T’elefcopes  ; or  the  dioptric  In - 
Jiruments , by  Means  of  which  remote  ObjeCts 
are  rendered  large  and  difinci  to  the  View. 

' r 

S the  microfcope  is  calculated  to 
obviate  the  defeats  of  vifion  with  re- 
gard to  objeds,  whofe  angles  of  apparent  mag- 
nitude are  too  fmall  for  fight  on  account  of 
the  fmallnefs  of  the  objects  themfelves,  fo 
telefcopes  are  adapted  to  improve  the  fenfe 
with  refped  to  objeds,  whofe  angles  of  ap- 
parent magnitude  are  too  fmall  for  fight  by 
reafon  of  their  remotenefs  or  diftance.  The 
intention  of  both  inftruments  is  the  fame, 
namely,  to  increafe  that  angle,  and,  by  con- 
fequence,  the  telefcope  differs  very  little  front 
the  compound  microfcope,  except  in  fome 
particulars  of  convenience. 

Let  LN  (fig.  84.)  reprefent  a convex  lens, 
and  OB  a diftant  objed ; then  the  pencils 
pf  rays  will  be  colleded  into  their  refpec- 

tive 
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tive  foci,  and  form  the  inverted  image  IM,  to 
which  the  eye,  by  means  of  the  lens  EE, 
may  approach  fo  near  as  to  view  it  very  large 
and  diftindt.  This  is  the  common  aftrono- 
mical  telefcope. 

But,  as  it  is  inconvenient  to  view  objedls 
on  the  earth  inverted,  there  are  ufually  con- 
trivances annexed  to  the  telefcope  by  which 
the  image  becomes  eredt  as  well  as  the  ob- 
jedt.  The  limpled  of  thefe  is  the  following, 
where  a concave  is  fubdituted  indead  of  the 
convex  eye-glafs. 

Let  LN  (fig.  85.)  reprefent  the  objedt- 
glafs  as  before,  and  OB  a diftant  objedt. 
Then  the  pencils  from  the  refpedtive  points 
of  the  objedt  would  converge  to  their  foci, 
and  form  the  inverted  image  IM,  if  the 
lens  EE  were  not  interpofed.  But  the  lens 
EE  being  a double  concave,  occafions  the 
rays  to  diverge  more  than  before ; fo  that 
the  rays  which  emanate  from  B in  the  obr. 
jedt,  indead  of  converging  to  M,  are  made 
to  proceed  parallel  towards  H.  On  the  fame 
ground  the  rays  from  O are  made  to  proceed 
parallel  towards  K.  And  in  like  manner  are 
the  intermediate  pencils  affedled.  Now,  lines 

l parallel 
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parallel  rays  caufe  diftindt  vifion,  it  is  plain, 
that  an  eye  placed  in  the  pencil  H,  will  con- 
ceive it  to  emanate  from  fome  point,  fuppofe 
m,  fituate  in  the  lad;  direction  of  the  rays,  and 
the  image  of  B will  be  feen  at  m.  By  the 
fame  argument,  the  image  of  O will  be  feen 
at  i,  by  an  eye  fituated  at  K,  and  the  like 
for  the  intermediate  points.  Therefore,  an 
image  will  be  feen  at  i m,  eredt  or  fimilarly 
fituated  with  the  object  itfelf. 

This  telefcope  reprefents  objedts  very  bright 
and  clear,  and  as  much  magnified  as  does  the 
other,  but  rt  is  unpleafant  in  its  ufe,  by  reafon 
of  its  contradled  field  of  view.  For  the  pencils, 
being  rendered  divergent  with  refpedt  to  each 
other,  do,  for  the  mod:  part,  pafs  on  one  or  the 
other  fide,  without  entering  the  pupil  of  the 
eye,  and  therefore  a very  fmall  part  of  the  image 
can  be  feen  at  once  : thus  if  the  eye  be  at  H, 
it  will  view  the  point  m,  and  if  it  be  moved 
towards  K,  it  will  fee  in  fuccefiion  all  the 
parts  of  the  image  towards  i : but,  as  the  pu- 
pil of  the  eye  is  not  broad  enough  to  receive 
the  pencils  H and  K at  the  fame  time,  the 
points  m and  i cannot  be  feen  at  once. 
The  larger  the  pupil  and  the  nearer  it  is 
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placed  to  the  eye-glafs,  the  more  pencils 
enter  the  eye  at  once.  Confequently  the 
field  of  view  is  largefl  under  thefe  circumftan- 
ces,  and  in  all  other  cafes  lefs. 

By  the  addition  of  two  eye-glaffes  to  the 
afironomical  telefcope,  it  is  adapted  to  ter- 
reftrial  objedls,  the  field  of  view  remaining 
the  fame.  Thus  the  lens  FF  (fig,-  86.)  which 
is  fimilar  to  EE,  being  placed  at  twice  the 
focal  diftance  for  parallel  rays  from  EE,  re- 
ceives the  pencils  of  parallel  rays  after  they 
have  croffed  each  other  at  X,  and  forms 
an  image  at  i m,  fimilar  and  equal  to  IM, 
but  contrary  in  pofition,  or  eredt,  which  laft 
image  is  viewed  by  the  lens  GG.  This  is 
the  common  telefcope,  and  though,  by  reafon 
of  the  number  of  lenfes,  it  does  not  repre- 
fent  objedts  fo  bright  as  the  foregoing,  yet 
its  ample  field  of  view  makes  it  much  more 
pleafing  and  ufeful. 

It  has  been  before  obferved,  that  the  opa- 
city of  bodies  arifes  from  the  largenefs  of 
their  interftices  or  pores,  which  contain  me- 
diums of  different  denfities  from  the  parti- 
cles of  the  body.  Hence  it  is  that  feveral 
tranfparent  fluids  become  opake  when  mix- 
ed 
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cd  with  others,  equally  tranfparen t,  but  of 
different  refractive  denfities ; and  from  this 
caufe  it  arifes,  that  the  atmdfphere  is  never 
perfectly  tranfparent,  though  more  fo  at  fome 
times  than  at  others.  The  following  obfer- 
vation  may  perhaps  ferve  to  illuftrate  -this 
matter.  If  a {mail  quantity  of  fpirits  of 
wine  be  poured  into  a glafs  of  water,  the 
mixture  becomes  much  lefs  tranfparent  than 
before ; the  fpirits  remaining  for  a conftder- 
able  time  in  the  form  of  veins  or  waves,  on 
account  of  the  imperfeCt  mixture;  but  when 
the  two  liquors  are  more  intimately  united, 
the  tranfparency  is  reftored.  The  opacity 
arifes  from  the  multitude  of  reflections  at  the 
common  furfaces  of  the  veins  of  fpirits  and 
water  : and  the  tranfparency  is  reftored  when 
thofe  veins,  by  mixture,  are  become  too 
fmall  to  refleCt;  for  then  the  light  is  intirely 
tranfmitted.  In  the  fame  manner  the  exha- 
lations which  continually  rile  from  the  Earth, 
render  the  air  lefs  tranfparent,  efpecially  near 
the  Earth,  where  the  mixture  is  lefs  com- 
plete, and  therefore  the  celeftial  bodies  are 
feen  much  more  obfcure  when  in  the  horizon 
than  when  at  any  confiderable  elevation  ; lor 

in 
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in  the  firft  cafe,  they  are  viewed  through  that 
part  of  the  atmofphere  which  is  contiguous 
to  the  furface  of  the  Earth,  and  in  the  latter 
through  a part  which  is  at  a greater  diftance. 
But  this  obfcurity  is  the  lead;  part  of  the  in- 
convenience. The  rifing  exhalations  have  a 
kind  of  undulating  motion,  like  that  of  fmoke 
or  fteam,  fo  that  objedts  feen  through  them 
appear  to  have  a tremulous  or  dancing  motion, 
which  is  fenfible  even  to  the  naked  eye,  if 
diftant  objects  be  viewed  in  a fummer’s  day 
over  an  intervening  marfh  or  bog.  In  tele- 
fcopes  this  effedt  is  ftill  more  perceptible,  in- 
fomuch  as  to  render  them  intirely  ufelefs,  „ 
for  terreflrial  objedts,  when  they  augment 
the  apparent  magnitude  more  than  eighty 
times.  But  when  objedts  in  the  heavens  are 
viewed  at  any  confderable  altitude,  inftru- 
ments  may  be  ufed  which  magnify  more 
than  two  hundred  times. 

From  this  want  of  tranfparency  in  the  at- 
mofphere arifes  that  gradual  diminution  in  the 
light  of  objedts,  which  painters  call' the  aerial 
perfpedtive ; for,  if  the  air  were  perfectly 
iranfparent,  an  objedt  would  be  equally  lumi- 
nous at  all  diftances,  becaufe  the  vilible  area 

and 
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and  the  denftty  of  light  decreafe  in  the  fame 
proportion,  namely,  as  the  fquare  of  the  dif- 
tance. It  is  from  this  gradual  diminution 
of  light,  together  with  the  angle  of  apparent 
magnitude,  that  we  eftimate  diftances ; and 
becaufe  the  celeftial  bodies,  when  near  the 
horizon,  are  more  obfcure,  for  the  reafon 
tirged  above,  though  their  refpedtive  appa- 
rent magnitudes  remain  unaltered,  or  in  a 
fmall  degree  diminifhed,  we  adopt  the  notion 
of  their  being  actually  larger  at  that  time. 
Thus,  likewife,  men  feen  through  a mill  ap- 
pear gigantic,  the  obfcurity  cauling  us  to 
imagine  them  more  diftant  than  they  really 
are.  But,  in  the  cafe  of  the  heavenly  bodies, 
there  is  another  circumftance  that  tends  to 
deceive  us  in  our  judgment  of  the  diftance: 
we  conceive  the  Iky  to  be  a concave  dome ; 
and  as  the  clouds  towards  the  horizon  are 
evidently  more  diftant  than  thofe  near  the 
zenith,  we  imagine  the  horizontal  radius  to 
be  much  longer  than  the  vertical.  From  this 
notion  we  regulate  our  ideas  with  regard  to 
the  diftance  of  the  heavenly  bodies  at  different 
altitudes ; which  diftance,  we  fuppofe  to  be 

greater  when  they  are  nearer  the  hori- 
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son,  and  we  are  confequently  led  to  ima- 
gine, that  they  are  larger  at  that  time. 

The  air  reflects  the  blue  rays  mod;  plenti- 
fully, and  mud:  therefore  tranfmit  the  red, 
orange  and  yellow,  more  copioudy  than  the 
other  rays.  If  the  light  of  the  fetting  Sun, 
by  pading  through  a long  trad  of  air,  be 
diverted  of  the  more  inflexible  rays,  the 
green,  blue,  indigo,  and  violet,  the  remain- 
der, which  is  tranfmitted,  will  illuminate 
the  wertern  clouds  with  an  orange  color;  and 
as  the  Sun  fets  more  and  more,  the  trad  of 
air,  through  which  the  rays  muft  pafs,  becomes 
longer,  the  yellow  and  orange  are  refleded, 
and  the  clouds  grow  more  deeply  red,  till  at 
length  the  difappearance  of  the  Sun  leaves 
them  of  a leaden  hue,  by  the  rerledion  of  the 
blue  light  from  the  air.  A fimilar  change 
of  colour  has  been  obferved  near  fun-fet 
on  the  fnowy  tops  of  the  Alps  in  Switzer- 
land. 

The  undulating  motion  of  the  vapours  in 
the  air  is  very  perceptible  in  the  twinkling  of 
the  rtars,  and  in  the  tremulous  motion  with 
which  the  fliadows  of  lofty  buildings  are  agi- 
tated. 
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By  the  folar  microfcopeand  magic  lanthorn, 
we  have  feen  that  the  fpecies  of  near  objedts 
may  be  call  on  a fcreen  in  a darkened  cham- 
ber. The  camera  obfcura  has  the  fame  re- 
lation to  the  telefcope,  as  the  folar  microfcope 
has  to  the  common  double  microfcope,  and 
is  thus  conftrudted. 

Let  CD  (fig.  87.)  reprefent  a darkened 
chamber  perforated  at  L,  where  a convex  lens 
is  fixed,  the  curvity  of  which  is  fuch,  that 
the  focus  of  parallel  rays  fills  upon  the  oppo- 
lite  wall.  Then,  if  AB  be  an  objedt  at  fuch 
a diflance,  that  the  rays  which  proceed  from 
any  given  point  of  its  furface  to  the  lens 
L,  may  be  efteemed  parallel,  an  inverted 
pidture  will  be  formed  on  the  oppofite  wall. 
Tor  the  pencil  which  proceeds  from  A will 
converge  to  a,  and  the  pencil  which  proceeds 
from  B,  will  converge  to  b,  and  the  inter- 
mediate points  of  the  objedt  will  be  depidted 
between  a and  b.  This  is  one  of  the  moft 
plealing  and  delightful  experiments  in  optics, 
and  never  fails  to  ftrike  the  beholder  with  fur- 
prife  and  admiration.  Which  indeed  is  not 
to  be  wondered  at,  for  if  there  be  any  pleafure  in 
contemplating  a well  executed  painting,  how 

much 
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much  more  forcibly  mud:  the  attention  be 
fixed  when  the  painting  is  drawn  by  the  un- 
erring hand  of  nature  ? When,  to  a perfpedtive 
the  mod;  minutely  exadt,  the  fofteft  tints  and 
the  moft  animated  colouring,  is  added  the  ini- 
mitable perfection  of  life  and  motion!  The  only 
defedt  is  the  inverted  podtion  of  the  pidture, 
which  may  be  remedied  by  feveral  methods. 
But  as  they  all  tend  to  make  the  image  lefs 
lively,  they  are  feldom  ufed. 

.•  * % • , 

CHAP.  vr. 

Of  the  Imperfections  of  ‘Telefcopes,  and  their 
Remedies  and  of  the  achromatic  Telefcope. 

SINCE  the  conftrudtion  of  a telefcope  con- 
fids  in  nothing  more  than  viewing,  by 
means  of  a microfcope  or  eye-glafs,  the  image 
which  is  formed  in  the  focus  of  the  objedt- 
glafs  ; it  may  feem  eafy  to  make  a telefcope 
with  a given  objedt-glafs,  that  fhall  mag- 
nify in  arty  affignable  degree.  For,  if  the 
eye-glafs  be  rendered  more  and  more  convex, 
the  eye  may  be  permitted  to  approach  nearer 
Vol.  I.  Bb  and 
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and  nearer  to  the  image,  and  confequently  to 
view  it  under  an  angle  of  apparent  magni- 
tude that  fhall  be  greater  and  greater,  as  re- 
quired. But  this  is  unattainable  on  two  fe- 
veral  accounts.  The  firft  is,  that  fpherical 
furfaces  do  not  refrad  the  rays  of  light  ac- 
curately to  a point,  as  has  already  been  ob- 
ferved ; and  the  fecond  and  mod  confequen- 
tial  is,  that  the  rays  of  compounded  light, 
being  differently  refrangible,  come  to  their 
refpe&ive  foci  at  different  diftances  from  the 
glafs,  the  more  refrangible  rays  converging 
foone-r  than  thofe  which  are  lefs  refrangible. 
This  is  evident  from  what  has  already  been 
faid  on, that  fubject,  and  is  likewife  confirmed 
by  experiment ; for  a paper,  painted  intenfely 
red,  and  properly  illuminated,  will  call  its 
fpecies,  by  means  of  a lens,  on  a fereen  at 
a greater  diffance  than  will  another  blue  paper 
by  the  fame  lens  in  like  circumflances.  And 
here  it  may  be  noted,  that  the  lens  proper 
for  this  experiment  muff  be  very  flat,  or  a 
portion  of  the  furface  of  a large  fphere. 
Hence  the  fpecies  or  image  of  a white  ob- 
ject may  be  faid  to  confifl  of  an  indefinite 

number  of  coloured  images,  the  violet  being 

• * * ^ 

neared. 
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neared:,  and  the  red  fartheft  from  the  lens, 
and  the  images  of  intermediate  colours  at  in- 
termediate diftances.  The  aggregate,  or  image 
itfelf,  muft  therefore  be  in  fome  degree  con- 
fufed,  and  this  confufion,  being  very  much 
increafed  by  the  magnifying  power,  or  eye- 
glafs,  renders  it  neceffary  to  ufe  an  eye  glafs 
of  a certain  limited  convexity  to  a given 
objedt-glafs.  For  which  reafon,  if  it  be  re- 
quired to  conftrudt  a telefcope  that  fhall 
magnify  objedts  in  a greater  degree  than  a 
given  telefcope,  the  objedt-glafs  mult  be  lefs 
convex,  and  of  confequence  its  focal  diftance 
longer.  Thus  an  objedt-glafs  of  4 feet  focal 
length  will  bear  an  eye-glafs  of  about  17  inch 
focus,  and  will  magnify  objects  in  length  or 
diameter  40  times  : one  of  25  feet  focal 
length  will  bear  an  eye-glafs  of  3 inches  focus, 
and  magnifies  100  times  : and  one  of  100  feet 
will  bear  an  eye-glafs  of  fix  inches,  and  mag- 
nifies 200  times.  It  is  alfo  neceffary  to 
limit  the  aperture  of  the  objedt-glafs,  to  ex- 
clude thofe  rays  which  are  incident  at  too 
great  diftances  from  the  center  ; for  thofe,  be- 
ing more  refradted,  are  more  particularly 
fubjedt  to  the  irregularities  which  arife, 

B b 2 either 
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either  from  the  figure  of  the  glafs  or  the 
unequal  refraction  of  light.  The  diameter 
of  the  apertures  of  objeCt  lenfes  fhould  be  as 
the  fquare  roots  of  their  focal  lengths. 

The  great  inconvenience  and  difficulty  of 
managing  the  longer  telefcopes,  occafioned 
the  philofophic  world  to  fix  their  thoughts 
upon  the  means  of  converging  the  rays  of 
light  without  feparating  them  into  their 
component  colours.  The  expedients  for  that 
purpofe  were  firft  perfected  by  Sir  Ifaac  New- 


> 

. 


ton  and  Mr.  Dollond.  The  focal  image  in 

O 

the  telefcope  of  Sir  Ifaac  Newton  is  formed 
by  reflection  from  fpeculums  or  mirrors,  and 
being  therefore  free  from  the  irregular  con- 
vergence of  the  various  rays  of  light,  will 
admit  of  a much  larger  aperture,  and  bear 
the  application  of  a very  great  magnifying 
power.  The  difficulties  which  attend  this.  . 
inftrument,  are  the  tarniffiing  of  the  me- 
talline fpeculums,  and  the  very  great  accu- 
racy required  in  giving  them  the  true 
figure,  for  an  error  in  a reflecting  furface'.j  j 
affeCts  the  direction  of  the  rays  much  more 
than  a like  error  in  a refrafting  furface. 

Yet  this  telefcope  is,  notwithfianding,  the 
. . • • befi 


of  common  <Telef copes.  373 

foefl  in  ufe.  Mr.  Dollond’s  invention  con- 
fids  in  the  ufe  of  a compound  objedt- 
glafs,  which  is  ufually  termed  achromatic, 
or  colourlefs,  from  its  property ; and  the 
principal  imperfedtion  in  the  pradtice,  is  the 
difficulty  of  procuring  glafs  that  fhall  be 
uniformly  of  the  fame  refradtive  denfity. 
As  we  are  now  fpeaking  of  dioptrics,  it 
will  be  more  regular  to  defcribe  the  achro- 
matic telefcope  fird,  and  refer  the  other  to 
its  place,  where  we  diall  explain  the  pro- 
perties of  indruments  that  adt  on  the  prin- 
ciple of  reflection. 

JBecaufe  the  component  rays  of  light  dif- 
fer from  each  other  in  refrangibiiity,  they 
are  feparated  from  each  other  by  refrac- 
tion, and  becaufe  they  are  all  refradted  fo  as 
to  preferve  a con  dan  t ratio  between  the  fines 
of  the  angles  of  incidence  and  refradtion,  that 

reparation  mud  be  greated  when  the  whole 

* 

beam  of  light  is  mod  deflected  from  its 
courfe.  From  hence  opticians  have  con- 
cluded, and  there  is  a paflage  in  Sir  Ifaac 

Newton’s  * optics,  that  feems  to  confirm  thp 

’ * . * 

* Book  I.  Part  2.  Experiment  VIIE 
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opinion,  that  prifms,  which  defied  the  whole 
beam  of  light  equally  out  of  its  courfe  at 
like  incidences,  will,  however  different  their 
refradive  denfities,  occafion  alfo  an  equal 

0 \ 

reparation  or  divergency  of  the  compo- 
nent rays:  or,  in  other  words,  that  if  the 
emergent  refraded  light  from  the  furface  of 
a given  prifm  be  received  on  the  furface  of 
a fecond  prifm,  which  fhall  refrad  it  equally 
in  the  contrary  diredion,  fo  that  at  its 
emergence,  it  fhall  proceed  parallel  to  the 
firfb  incident  beam,  this  laft  emergent  light 
will  continue  white,  however  different  the 
matter  of  the  fecond  prifm  may  be  from  that 
of  the  firfb.  But  this  Mr.  Dollond  has 
Jfhewn  to  be  ill-founded,  for,  by  his  expe- 
riments it  appears,  that  the  different  kinds 
of  gl|fs  differ  extremely  with  refped  to 
the  divergency  of  colours  produced  by  equal 
refradions.  He  found  that  two  prifms, 
one  of  white-flint-giafs,  whole  refrading 
angle  was  about  25  degrees,  and  another 
of  crown-glafs,  w'hofe  refrading  angle  was 
about  29  degrees,  refraded  the  beam  of 
light  nearly  alike,  but  that  the  divergency 
pf  colour  in  the  white-flint  was  coniider- 

ably 
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ably  more  than  in  the  crown-glafs 3 fo  that, 
when  they  were  applied  together,  to  refraCt 
contrary  ways,  and  a beam  of  light  tranfmitted 
through  them,  though  the  emergent  con- 
tinued parallel  to  the  incident  part,  it  was, 
notwithstanding,  feparated  into  the  compo- 
nent colours.  Whence  he  inferred,  that,  in 
order  to  render  the  emergent  beam  white,  it 
was  neceffary  that  the  refracting  angle  of  the 
prifm  of  crown-glafs  Should  be  increafed ; 
and  by  repeated  experiments,  he  difcovered 
the  exaCt  quantity.  But  this  colourlefs 
emergent  light  was  not  then,  by  reafon  of 
the  increafed  angle  of  the  prifm  of  crown- 
glafs,  parallel  to  the  incident  ray,  but  was 
refraCted  towards  the  bafe  of  the  laft  men- 
tioned prifm. 

By  thefe  means  he  obtained  a theory,  in 
which  refraCtion  was  performed  without  any 
feparation  or  divergency  of  colour,  and  which 
it  was  not  difficult  to  apply  in  the  construc- 
tion of  the  objeCt-glaffes  of  telefcopes.  Let 
ABED  (fig.  88.)  reprefent  a double  concave 
lens  of  white-flint-glafs,  and  AGDF  a double 
concave  of  crown-glafs  3 then  the  parts  of 
the  lenfes  which  are  on  the  fame  fide 

Bb  4 of 
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of  the  common  axis,  namely,  ACB  and 
AFG,  may  be  conceived  to  a Cb  like  two 
prifms,  which  refraCt  contrary  ways,  and 
it  the  excefs  of  refraction  in  the  crown-glafs 
AFG  be  fuch  as  precifely  to  deftroy  the 
divergency  of  colour  caufed  by  the  flint— 
glafs  ACB,  the  incident  ray  SH,  will  be 
refraCted  to  X,  without  any  production  of 
colour.  The  fame  is  alfo  true  of  the  ray 
s h,  and  of  all  the  other  incident  ravs,  and 
confequently  the  vyhole  focal  image  formed 
by  this  compound  objeCt-glafs  will  be  achro- 
matic, or  free  from  colour  which  might 
arife  from  refraCtion.  It  will  therefore  bear 

. • j • .1.1-  1 ‘ , 

a larger  aperture  and  greater  magnifying 
power,  and  of  courfe  enlarge  obje'Cts  much 
lucre  than  a common, refracting  telefcope 'of 
the  fame  length.  ‘ * • • 

It  is  more  convenient  on  feveral  accounts, 
efpecially  in-  the  fhorter  teiefcppCsf  to  com- 
bine three  len fes  "together, ‘ one  double  con- 
cave of  ffin't-glafs  between-  two  convexes  of 

different  kinds  of  -crown-glafs.  ,‘ 

* t.  In' .the  cpn(h:uCiion  -.of  *th  is  and:;all  othcF 
.’inffruments,  there  are  difficulties  dccur  in  the 
practice,  the  remedic  s for  which'  are  well  known 
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to  ingenious  workmen,  and  may  be  gathered 
from  the  perufal  of  authors  who  have  written 
exprefsly  on  the  fubjedt.  But  we  omit  them, 
as  not  fo  immediately  tending  to  our  pur- 
pofe,  which  is  chiefly  theoretic. 


CHAP.  VII. 


Of  Catoptrics , or  the  regular  Reflection  of 
Light ; and  of  the  Reflecting  felefcope. 


rr  has  been  (hewn,  that  a lurface  may  be 
conftrufted  that  fhall  refl.ed:  the  rays  of  a 
given  pencil  of  light,  fo  as  to  make  them 
(either  converge  to  a point,  diverge  from  a . 
point,  or  proceed  parallel  to  each  other. 


This  furface  may  be  either  plane  or  curved. 

A plane  mirror  reflects  a pencil  of  light 
tinder  the  fame  circumftances  as  it  was  incir 
dent ; that  is  to  fay,  if  a pencil,  which  ema- 
nates from  a given  point,  be  incident  on  the  * 
mirror,  it  is  reflected  fo,  that  its  rays  pro- 
ceed with  the  fame  divergency  from  another 
point,  whofe  diftance  behind  the  mirror  is  • 
•'fqual  to  the  diftance  of  the  radiant  point  be-  . 

./  ‘ . fore 
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fore  the  mirror  from  the  place  of  incidence  : 
and  if  the  pencils  of  ray  s,  which  emanate  from 
a givenfprface,  be,  incident  on  the  mirror,  they 
will  be  reflected  fo  ; as  to  preferve  the  fame 
inclinations  to.  each  other  as  before,  and  there- 
fore will  appear  to  proceed  from  a furface, 
whofe  magnitude  and  diftance  behind  the 
mirror  are  exactly  equal; to  thofe  of  the  radi- 
ant furface.  Hence.it  is,  that  plane  mirrors 
fefle£t  the  fpecies  of  objedls,  which  are  equal, 
like,  and  fimilar  in  pofition  with  the  objefts 
themfelves-. 

Concave  mirrors  render  the  pencils  of  rays, 
which  are  incident  upon  them,  more  con- 
vergent, and  convex  mirrors  render  them 
more  divergent.  If  the  mirrors  be  regularly 
formed,  according  to  the  proper  curve,  the 
convergent  or  divergent  light  will  refpect 

fome  particular  point  of  fpace. 

The  difk  or  part  of  a lphere,  whofe  breadth 

Is  about  fifteen  degrees,  differs  infenfibly  from 
the  curve,  by  which  parallel  rays  would  be 
made  by  reflexion  to  converge  to,  or  diverge 
from,  a point,  and  is  therefore  ufed  for 
that  purpofe,  as  being  much  eafiei  to  con 

ftrudl. 


There 
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There  is. a great  resemblance*  between  the;  • 
« ^ , • r • • 
properties  of  convex  lenfes  and  concave  mir- 
rors, and  between  the  properties  of  concave 
lenfes  and  convex  mirrors.  Convex  lenfes. 

* * • • ■ -V’  • . • 

and  concave  mirrors  do,  in  general,  form  an 
inverted  focal  image,  by  the  convergence  of 
the  pencils  of  rays : concave  lenfes  and  convex 
mirrors  do,  in  general,  form  an  ered  image  in 
the  virtual  focus,  by  the  divergence  of  the  pen- 
cils of  rays.  In  thofe  inftruments  whole  per- 
formances are  the  efFeds  of  refledion,  the  - 
concave  mirror  is  fubftituted  in  the  place  of 
the  convex  lens,  and  the  convex  mirror  may 
be  ufed  inftead  of  the  concave  lens : but  their 
difpofitions  with  refped  to  each  other,  when 
combined,  muft  neceffarily  differ  from  thofe 
of  lenfes,  on  account  of  the  opacity  of  the  one 
and  the  tranfparency  of  the  other. 

Let  AR  (fig.  89.)  reprefent  the  polifhed 
fpherical  furface  of  a concave  mirror,  and  OB 
an  objed  fituated  without  the  center  of  the 
mirror ; then  the  pencil  of  rays  which  is 
emitted  from  the  point  O will  incide  on  the 
mirror,  and  after  refledion  converge  to  the 
focus  Ij  the  pencil  from  B will  .converge  to 
M>  and  the  like  will  .happen  to  tHpfe  emit- 
3 : ted 
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ted;  from  the  intermediate  points,,  whofe  foci 

• ivill  be'  found  between  I and  M.  There  will 

consequently  be  formed  before  the  mir- 

• ••••*"  * * * * * % * ,«  *»  , . * 

;'ror  a focal  image,  refembling  that  which  is 

fortned  by  a convex  lens.-  ^ , 

. Let  AR  (fig.  90.)  reprefent  the  polifhed 

* • ,*-•■«.  • * * » 

fpherical  furface,  of  a convex  mirror,  and  OB 

1 *•#  • • • * « /,  * 

an  objedt : then  the  pencil  of  rays  which  is 
emitted  from  the  point  O will  incide  on  the 
mirror,  and  after  reflection  diverge  from  the 
virtual  focus  I ; the  pencil  from  B will 
emerge  from  M,  and  the  like  will  happen  to 
thofe  emitted  from  the  intermediate  points, 

• whofe  virtual  foci  will  be  found  between  I 
and  Mi  There  will  confequently  be  formed 
behind  the  mirror  an  eredt  focal  image,  refem- 
bling that  which  is  formed  by  a concave  lens. 

. Let  AR  (fig.  91.)  reprefent  a concave 
mirror,  whofe  center  is  C,  and  OB  an  ob- 

r « 

jedt  iituated  without  the  center.  Through 
thd  center  C,  from  O,  draw  the  line  ON, 

• 7 ,*  • * . ' * 

which  will  be :perpendicular  to  the  mirror  at 
N,  and  will  therefore  reprefent  both  the 
incident  and  refledted  fay,  which  proceeds 
frOm  O'  and  is1  refledted  ‘ at  N : the.  focal 
representation  or"  image  of  O will  • confe- 
‘ quenfly 


/ ; 

-/ 


..  * 
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quently  be  found  in  that  line.  Through  GV  • 
from  B,  draw  the  line  BV,  and  by  the  fame 

reafoning  the  focal  image  of  B will  be  found 

* , • ' « 

in  that  line.  Draw  the  line  or  ray  OV,  and 

it  will  be  reflected  fo  as  to  crofs'  the  ray  ON 

.**•  • * ••  • •*.,  * •,  J 

at  I,  the  angle  of  reflection  IVC  being  equal' 

to  the  angle  of  incidence  OVC.  This  in-' 
terfection  of  the  rays  determines  the  focal 
point  of  O,  which  is  I.  From  B to  N draw 
the  ray  BN,  and  its  reflection  will  determine 

* t i 

the  focus  of  B,  which  is  M,  and  the  image  • 
will  be  inverted. 

Let  AR  (fig.  92.)  reprefent  a convex  mir-  : 
ror,  and  the  other  reprefentations  and  cori-. 
flruCtion  be  as  in  the  laft  figure.  The  focal  •’ 
reprefentations  of  O and  B will  be  found  in-' . 
the  lines  OC  and  BC,  and  the  reflected  part 
of  the  ray  OV  will  virtually  crofs  the  line 
OC  at  I j the  reflected  part  of  the  ray  BN  will  . 
alfo  virtually  crofs  the  line  BC  at  M.  Thefe 
interfeCtions  will  determine  the  place  of  ‘the 
focal  image  1M,  which  will  be  ereCt.  . ' 

Hence  it  appears  to  be  the  property  of 

* „ # / • A • 

thefe  mirrors,  that  the  objeCt  and  the  image, 
if  viewed  from  the  center  of.  the  fphcre,  are  ' 
feen  under  equal  angles;  for,  the  angle  OCR  * 


is 
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is  equal  to  the  angle  ICM ; and  that  the  ob- 
J.eCt  and  image,  if  viewed  from  the  point  of 
reflection,  are  feen  under  equal  angles  ; for, 
the  angle  OVB  is  equal  to  the  angle  IVM. 
From  this  it  is  eafy  to  find  the  pofition  and 
magnitude  of  the  focal  image,  if  the  pofition 
and  magnitude  of  the  objeCt,  and  the  diame- 

1 

ter  of  the  fphere  of  which  the  mirror  is  a part, 
be  known. 

The  refle&ing  telefcope  which  was  made 
by  Sir  Ifaac  Newton  was  of  the  following 
form. 

Let  DEFG  (fig.  93.)  reprefent  a tube,  at 
one  end  of  which  is  placed  the  concave 
mirror  AR,  and  let  OB  reprefent  a dis- 
tant objeCt ; then  the  pencils,  which  ema- 
nate from  the  feveral  points  of  its  furface, 
will  be  collected,  and  form  an  inverted 
image  i m.  But  by  the  interpofition  of  the 
plane  mirror  KC,  the  rays  are  reflected,  and 
the  image  is  formed  at  IM,  which  is  feen 
very  much  magnified  by  means  of  the  plano- 
convex lens  at  L. 

The  reflecting  telefcope,  which  is  moft  in 
ufe  at  prefent,  is  compofed  of  two  concave 
mirrors  of  different  radii.  The  larger  concave 
* 1 AR 
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AR  (fig.  94.)  forms  the  focal  image  IM,  which 

ferves  as  an  objedt  for  the  fmall  mirror  KC:- 

'*  **  * * . '•  #’ 

a fecond  image  i m is  formed  by  the  mirror, 

* . * * • * 

the  rays  pafiing  through  the  amplifying  lens 

V ' . , •*  ' • • 

L,  which  is  placed  in  a hole  or  perforation 
in  the  center  of  the  great  mirror  AR.  This'* 
image  is  eredt,  and  is  viewed  much  enlarged 
through  the  eye-glafs  or  lens  P. 

Refledting  microfcopes  are  alfo  made,  the 
method  of  conftrudting  which,  as  alfo  of  other 
inftruments,  may  eafily  be  deduced  from  what 
has  been  faid. 
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Air , does  not  reflect  all  the  rays  of  light  equally,  367. 
Alps , their  varying  colour  at  fun-fet,  367. 

Analogy,  4,  5. 

Analyfis , 149. 

Anbnalcula , in  the  milt  of  a cod-filh,  12, 

Aphelium , 113. 

4^  11 3- 

Apfides , 1 1 2.  Line  of  the  apfides,  113.  motions  ofj 


Aqueous  humour , 343. 

Arachnoides , 343. 

Archimedes , his  burning-machine  compofed  of  fpeculums, 

331- 

Ajlrology , 88. 

AJlronomy , its  origin,  87. 

Atmofphere , its  opacity,  364. 

Attraction,  defined,  9.  divided  into  three  clalfes,  29. 
properties  of,  35.  of  gravity,  36.  of  cohefion,  ib° 
is  mutual  and  equal,  71.  nature  of  that  which . is 
exerted  between  light  and  other  bodies,  324. 

Axioms , 2. 

and  wheel,  56. 

Azimuths , 166. 


A 


Acceleration,  31,  32,  33. 
Aerial  perfpeCtive,  365. 
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B 

Bodies , rarity  of,  19.  affedlions  of  thofe  which  are 
a&ed  upon  by  a centripetal  force,  79—85.  colours 
of,  accounted  for,  275,  299 — 307.  refledt  and  re. 
fradt  light  by  one  and  the  fame  power,  314.  are 
vifible  only  by  means  of  the  light  they  emit  or  refledl , 
327* 

Bradley , Mr.  J.  determined  the  velocity  of  light  from  the 
aberration  of  the  fixed  flars,  256. 

Bujfon , his  burning-machine  compofed  of  fpeculums,  332* 

Burning  glafs,  339. 


C 

Camera  obfcura , 368. 

Catoptrics , 377. 

Center  of  gravity , 72 — 76. 

Centripetal  force , property  of,  80. 

Chor aides , 342. 

Circles  of  right  afcenfion,  165. 

Coheftotiy  remarkable  in  fiances  of,  37 — 40,  42. 

Colours , 266.  of  bodies  accounted  for,  275,  299 — 307. 
of  the  clouds,  367. 

Coonets , are  much  lefs  than  Jupiter,  138.  their  orbits 
are  inclined  to  the  ecliptic  in  large  angles,  138.  emit 
vapours  in  form  of  a tail,  139.  their  orbits  are  very 
long  ellipfes,  ib.  enumeration  of  fome  principal 
comets,  140.  fupputation  of  the  greatefl  heat  of  the 
comet  of  1680,  141.  their  telefcopic  appearance^ 
141.  number,  142.  probable  ufe,  147.  probable 
caufe  of  the  afcent  of  their  tails,  159. 

Cornea , 342. 

Cryfalline  humour , 343. 


I)  Deception , 


INDEX. 


D 

Deception , concerning  the  largenefs  of  the  heavenly  bodies 
feen  near  the  horizon,  366. 

Declination , 167. 

Definitions , optical,  260. 

DejnonJlration , defined,  3. 

Des  Cartes , 8,  149. 

Dioptrics,  335. 

Dollond,  Mr.  invented  the  achromatic  telefcope,  372  to 

376- 


E 

Earth,  theplaJiet , its  center  of  gravity  is  not  affedted  by  the 
motions  at  its  furface,  76.  its  figure  and  motions,  95 
to  101.  its  orbit  elliptical,  112.  its  affections,  116. 
parallax  of  its  orbit  from  Jupiter,  130;  has  an  an-- 
nual  change  of  feafons,  165.  axis  is  inclined  and 
always  preferves  nearly  the  fame  pofition,  172.  its 
circumference  in  feet,  189.  its  real  figure  is  oblate, 
220,  22i.  experimental  proof  of  its  rotation  on  its 
axis,  221.  and  of  its  annual  revolution  in  its  orbit, 
256. 

Eccentricity , 112. 

Eclipfe,  129,  130.  of  Jupiter’s  moons,  130. 

Ecliptic , 1 1 3.  166. 

Elajlicity,  the  caufe  of,  37. 

Ellipfis , the  method  of  defcribing  it,  82. 

5 Equator , 165.  celeftial,  165. 

?.  Equinoxes,  preceffion  of,  222 — 225. 

EJJetice  of  matter , unknown,  8. 

Euler's  hypothefis  concerning  light  confidered,  248 — 250. 

Extenfion  defined,  9.  contained  under  three  dimenfions, 
jo.  it  is  not  determinable  whether  extenfion  be  eflen- 
C c 2 
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X. 


daily  necefTary  to  exiftence,  16.  not  included  in  the 
idea  of  our  thinking  part,  17. 

Eye,  the,  341— 350. 

F 

Faculties,  human,  their  limited  Hate,  241. 

Falling  bodies , acceleration  of,  31. 

Figure  of  the  earth , 96. 

Final  caufes,  J42.  their  exiftence  is  in  general  taken  for 
granted,  143.  of  the  planetary  bodies,  144.  of 
comets,  147.  of  the  fixed  ftars,  181.  184. 

Fixed  fears , fee  Stars,  fixed. 

Form  or  figure , defined,  9.  is  the  caufe  of  moft  of  the 
qualities  called  fpecific,  20. 


Glafs,  the  fmall  quantity  of  real  matter  it  contains,  19. 
Gold,  its  great  divilibility,  12. 

Gravitation , what,  29.  adls  according  to  the  quantities 
of  matter  in  bodies,  30.  194.  its  caufe  unknown,  44. 
center  of,  72. defined  73.  is  univerfal,  194. 

H 

Halos , 285. 

Heavenly  bodies , caufe  of  their  appearing  largeft  in  the 
horizon,  366. 

Horizon , 166.  fenfible  and  rational,  166. 

Horizontal  parallax,  119. 

Hour  circles,  165. 

Human  faculties,  bounded  ftate  of,  242. 

Hypothcfcs,  when  allowable,  148. 

Ilypothefis,  Euler’s,  concerning  light,  248—250.  New- 
ton’s, 


INDEX. 


ton’s,  concerning  the  reflexion  and  tranfmiffion  of  light, 
298. 

I 

Idea,  of  our  thinking  part,  does  not  include  extenfion, 

*7* 

Ideas , how  produced,  1.  their  mutual  relation,  1, 

2. 

Images , in  the  foci  of  optical  inffruments,  are  not  thought 
to  be  impenetrable,  17. 

Impenetrability,  defined,  g.  can  be  attributed  to  the  ul- 
timate particles  of  matter  only,  14.  doubts  concern- 
ing it,  14.  our  notion  of  it  is  derived  from  the  fenfe 
of  feeling,  15.  we  have  ideas  of  exigences  in  which 
it  is  not  found,  17.  we  are  lefs  certain  of  the  impe- 
netrability of  matter  than  of  fome  of  its  other  properties, 

J7- 

Incidence , angle  of,  260. 

Inclined  plane , 61.  63. 

Inertia , defined,  9.  chiefly  from  hence  that  the  know- 
ledge of  the  relative  quantities  of  matter  in  bodies  is 
obtained,  20,  21.  its  quantity  is  meafured  by  the 
force  required  to  produce  a given  change,  22.  in  a 
moving  body  it  is  called  the  quantity  of  motion,  22. 

Inflection  of  light,  315 — 321. 

Intuitive  knowledge , defined,  2. 

Iris,  342. 

Jupiter,  revolves  round  the  fun,  108.  periodical  time 
difeovered,  109.  proportional  ditlance  from  the  fun, 
nr.  affections,  116.  fecondaries,  their  periods  and 
diftances,  128.  and  theiroccultations,  130.  telefco- 
pic  appearance,  162.  rotation  on  his  axis,  162.  con- 
jecture concerning  his  fpots,  &c.  162.  oblate  figure, 
163.  221.  days  and  nights  equal,  164.  explanation 
C c 3 of 
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of  the  caufe  of  the  revolutions  of  his  moons,  187.  mafs 
and  denfity,  195.  proportion  of  weight  at  his  furface 

*95- 


K 

Knowledge , and  its  fpecies  defined,  1 — 5.  the  principal 
caufes  of  its  imperfection,  3,  4.  242. 

' L 

Latitude , 1 66. 

Latitude , parallels  of,  165. 

Lertfes , properties  of,  335 — 340.  burning,  339.  achro- 
matic, 375. 

Lever , the,  51 — 56.  bent,  55. 

Librarian  of  the  moon,  156. 

Ligamentum  ciliare , 343. 

Light , the  aftonifhing  minutenefs  of  its  particles,  13.  its 
velocity  determined  from  the  eclipfes  of  Jupiter’s  moons, 

1 3 1 . defined,  247.  Euler’s  hypothefis,  248 250. 

minutenefs  of  its  parts  deduced  from  its  momentum, 
251.  its  rarity,  252.  right  lined.direCtion  and  denfity 
at  various  distances  from  the  radiant,  253.  eftimate  of 
the  magnitude  of  its  particles,  254,  255.  its  velocity 
determined  from  the  aberration  of  the  fixed  flars,  256. 
259.  momentum  not  infenfible,  259.  various  refran. 
gibility  and  colours,  264 — 273.  the  various  refrangi- 
bility  or  difperfion  of  light  in  different  mediums,  does 
not  follow  the  quantity  of  the  mean  refra&ion,  270.  va- 
rious reflexibility,  273.  reparation  of  the  original  raysof 
light  by  incidence  on  mediums  of  various  thicknefs,  286 
to  293.  general  inferences,  293.  hypothefis  concerning 
the  reflection  and  tranfmiffion  of  light,  298.  reflection 
and  refradtion  are  performed  by  one  and  the  lame  power, 

3T4* 


INDEX. 


314.  inflexion  of,  315 — 321.  conjectural  inference* 
reflecting  it,  321 — 325.  nature  of  the  mutual  attrac- 
tion which  is  exerted  between  it  and  other  bodies,  324. 

Line  of  the  nodes,  1 1 3. 

Longitude,  obtained  from  the  eclipfes  of  Jupiter’s  moons, 
1 3 1.  obtained  at  fea  from  obferving  the  moon’s  elon- 
gation, 137.  defined,  167. 

M 

Magic  lanthorn,  358. 

Magnitude,  apparent,  350.  of  the  leaf!  vifible  object,  351. 

Mars , hi.  his  affections,  1 1 6.  parallax,  120.  tele- 
fcopic  appearance,  161.  diurnal  rotation,  161.  at- 
mofphere,  161.  days  and  nights  equal,  164. 

Matter , and  its  properties,  7.  fpecific  properties,  8.  in- 
finitely divifible,  10.  is  probably  impenetrable,  18. 
quantity  in  the  univerfe  lefs  than  is  generally  imagined, 
18. 

Mechanical  powers,  46.  general  principles  of,  68.  do 
not  produce  any  adfual  increafe  of  force,  69. 

Medium,  252.  , 

Mercury,  the  planet , 94.  his  affections,  116.  telefcopic 
appearance,  159. 

Meridians,  165.  celeftial,  166.  firfi:,  167. 

Metaphyfical  enquiries,  the  imperfect  ftate  of,  143. 

Milky-way,  179. 

Mirror,  plane,  377.  concave,  378.  convex,  381. 

Moon,  revolves  round  the  earth,  132.  her  horizontal 
parallax,  133.  various  phafcs,  133.  inclination  of 
her  orbit,  134.  periodical  and  fynodical  revolution. 
134.  caufe  of  eclipfes,  135.  her  orbit  elliptical,  135, 
irregular  revolution  of  the  line  of  the  apfides,  136. 
and  of  the  line  of  the  nodes,  136.  variation  of  her 
motion,  136.  all  her  revolutions  are  not  equal,  137. 
determination  of  her  place  is  a difficult  problem,  137. 

elongation 


INDEX. 


elongation  from  fixed  flars,  applied  with  fuccefs  to  the 
difeovery  of  the  longitude  at  fe a,  137.  telefcopic  ap- 
pearance, 150.  apparent  diameter,  150.  real  diame- 
ter, 151.  method  of  finding  the  heights  of  mountains 
on  her  furface,  153.  probability  of  her  atmofphere, 
133.  rotation  on  her  axis,  155.  libration,  156. 
retained  in  her  orbit  by  gravity,  189.  the  irregularities 
of  her  motion  deduced  fyntheticalJy  from  gravity,  197 
to  216. 

Motion , defined,  9.  quantity  of,  how  meafured,  22. 
abfolute,  relative  and  angular,  23.  laws  of,  24,  255 
26.  compounded,  27.  47 50.  perpetual,  is  per- 

haps impracticable,  70.  which  refpeCts  a center,  79. 
of  the  planets,  92 — 94. 

Myopes , 348. 

N 

Natural  philofophy,,  admits  only  of  analogical  proofs,  6. 

Near  fight,  its  caufe,  348.. 

Nebulous  fars , 179* 

New  Jlars , 176. 

Newton , Sir  lfaac,  148.  185.  325.  372.  373.  382. 

Newton’s  hypothefis  concerning  the  reflection  and  tranf- 
miffion  of  light,  298. 

Nodes , 113.  afeending  and  defeending,  114. 

Nutation  -of  the  poles , 225* 


O 


Opacity , caufe  of,  301.  304.  363. 

Optical  definitions  and  principles,  260. 

Optic  nerve , 344,  345* 

Optics , 326. 

Orbits , of  the  planets,  not  circular,  ill. 

i j 3.  are  inclined  to  the  ecliptic,  1 14. 
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Parallax , 117.  annual  and  horizontal,  118.  method 
of  determining  it,  119.  fixed  {tars  have  none,  120. 
of  Mars,  120.  of  the  Earth’s  orbit  from  Jupiter, 

130. 

Parallels , of  latitude,  165.  of  declination,  165.  of 
latitude,  celeftial,  166.  of  altitude  and  depreffion, 
166. 

Particles , ultimate,  impenetrability  can  be  attributed  to 
them  alone,  14. 

Pencil  of  rays , 328. 

Pendulums , motion  of,  affedted  by  the  Earth’s  rotation  on 
its  axis,  220. 

Penetration , takes  place  in  all  compounded  bodies,  14. 

Perihelium , 113. 

Perigee , 113. 

Perfpeflive,  aerial,  365. 

Pbilofophizing , rules  of,  6. 

Plane,  inclined,  61 — 63. 

Planets , apparent  motions  of,  92,  93.  real  motions 
determined  from  phenomena,  94.  mutual  appearances 
101  — 108.  orbits  not  circular,  111.  but  nearly  fo, 
1 1 3.  are  inclined  to  the  ecliptic,  114.  their  number 
and  affections,  115,  116.  are  enlightened  by  the  fun, 
128,  129.  their  temperature,  144.  and  proportion 
of  light,  146,  147.  whether  habitable,  149.  every 
one  which  is  acceflible  to  obfervation  revolves  on  its 
axis,  164.  are  retained  in  their  orbits  by  gravity,  188. 
192.  maffes  and  denfities,  194,  195.  are  fubjedi  to 
irregularities  from  their  mutual  gravitation,  197.  217. 
figures,  218,  219.  . 

Poles , nutation  of,  225. 

Populates,  185,  186. 

Preccjfon  of  the  equinoxes,  222 — 225. 

Prefbyta , 
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Prejbytes,  349. 

Principles , optical,  260. 

Prifm , 264. 

Probabilities , are  to  analogy,  what  axioms  are  to  demon- 
flration,  5. 

Projectiles,  83 — 85. 

Properties  of  matter , 7. 

Pulley , 57 — 61. 

Pupil  of  the  eye , 342. 

Pythagoras,  88. 


R 

Rainbow , the,  276 — 285. 

Refection , defined,  260.  angle  of,  260.  alternate,  and 
tranfmiffion,  287 — 293.  and  refraction  are  performed 
by  one  and  the  fame  power,  314. 

Refexibility , various,  of  light,  273. 

Refraction , defined,  260.  angle  of,  260.  the  power  by 
which  it  is  performed,  308.  achromatic,  374 — 376* 

Refrangibility , various,  of  light,  264. 

Repulfion , inflances  of,  40,  41. 

R^/?,  defined,  g. 

Retina , 344. 

Right  afcenfon,  167. 

Romer,  Monf.  firft  determined  the  progrellive  motion  and 
velocity  oflight,  256. 


S 

Sander fon,  the  learned,  243. 

Satellites-,  or  Secondary  planets,  their  number,  115.  127. 
periods  and  dillances  from  their  primaries,  128.  of 
Jupiter,  their  difappearance  how  effected,  130.  phy- 
fical  caufe  of  their  motions,  187,  188. 

Saturn , in.  his  affeCtions,  116.  fecondaries,  127. 

and 
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and  ring,  128.  periods  and  diftances  of  his  fecondaries, 
128.  telefcopic  appearance,  163.  caufe  of  his  moons 
motions,  188.  mafs  and  denfity,  195.  proportion  of 
weight  at  his  furface,  195.  is  fenfibly  difturbed  by  the 
a&ion  of  Jupiter,  217. 

Sclerotica , 342. 

Screw , the,  66. 

Scbeballicn , mountain  of,  attracted  the  ball  of  a pendulum, 

3°* 

Seay  its  bottom  difeovered  at  the  depth  offixty  feet,  rg. 

Seafons,  explained,  167.  175. 

Sbadowsy  of  lofty  buildings  tremble,  367. 

Speftrum  of  colours , formed  by  refradted  light,  266.  its 
mufical  divifion,  267. 

Speculums,  convex  and  concave,  331.  of  Archimedes, 

33*- 

Stars,  fixed,  appear  to  rife  and  fet  regularly,  90.  have 
no  parallax,  120.  new,  176.  nebulous,  179,  180. 
final  caufe,  1 8 1 . 184.  immenfe  diftance,  182.  aber- 
ration, 258.  caufe  of  their  twinkling,  367. 

Summer  half  year,  is  eight  days  longer  than  the  winter 
half,  1 12. 

Sun , is  near  the  center  of  the  planetary  fyftem,  112.  his 
proportional,  apparent  and  real  diameter,  116.  dif- 
tance found  by  the  parallax  of  Mars,  121.  and  by  the 
tranfit  of  Venus,  123.  eclipfe  of,  130.  his  telefcopic 
appearance,  157.  fpots,  &c.  157.  rotation  on  his 
axis,  158.  inclination  of  his  axis,  159.  atmofphere, 
159.  mafs  and  denfity,  195.  proportion  of  weight 
at  his  furface,  195.  is  perpetually  moved  about  the 
center  of  gravity  of  the  fyftem,  197. 

Synth  efts,  149. 

Syjlem  of  the  univerfe , 86 — 92.  true,  obtained  from  the 
orientals  by  Pythagoras,  88.  revived  by  Copernicus, 
89.  is  founded  on  a natural  dedu&ion  from  appear, 
ances,  114, 


T Telefcopes, 
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Telefcopes , perfeaion  of,  limited,  149.  refra&ing,  360  to 
363.  their  im perfections,  369 — 372.,  remedies,  372, 
373.  achromatic,  376.  reflecting, "382,  383. 
Terminator , 167. 

Terms , vulgar  and  improper,  ufe  of,  272. 

ST/V&r,  explained,  226—240.  remarkable  at  Batfha,  239. 
Tran  fit  of  Venus , 122 — 1 27. 

Tranfparency  and  opacity , 301— 305. 


Undulations , 248,  249. 

Univerfe , fyftem  of,  86 — 92.  184.  va!f  magnitude  of, 
183. 

Uvea,  342. 

V 

Velocity,  of  light,  131.  252.  of  a cannon  ball,  251. 

Venus,  appears  as  an  evening  or  morning  ftar,  91.  pro- 
portional diftance  from  the  fun,  94.  periodical  time 
difcovered,  105.  affections,  116.  tranfit  over  the 
difc,of  the  fun,  122 — 127.  her  telefcopic  appearance, 
159.  rotation  on  her  axis,  161.  annual  change  of 
feafons,  165. 

V[ /ion,  how  performed,  345 — 348. 

Vitreous  humour , 344. 


W 


Wedge , 64. 

1 For  Ids,  planetary,  hypothecs  of. 
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Y 

Tear,  natural,  174.  225.  periodical,  225. 


Zenith,  1 19. 
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